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Two Combined Coke Pushing Coal Levelling and Door 
Extracting Machines which together with other Wellman units 
serve a battery of Coke Ovens at a large British Steelworks. 


The first Combined Coke Pusher Coal Leveller and Door 

Extractor to be erected in Great Britain was a Wellman 

development. That machine is still in operation today after 

be rendering over 27 years continuous service and pushing more 
M4 than 1,000,000 ovens. , 


_ We specialise in the design and construction of the full 
mechanical equipment for coke oven batteries. 
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The Apparent Thermal 


Conductivities 


of Moulding Materials 





at High Temperatures 


By D. V. Atterton, M.A., Ph.D. 


Introduction 


HE thermal properties of moulding materials are of 
importance in connection with the rate and mode 
of solidification of castings, and play a considerable 

part in determining the extent of casting defects such 
as metal penetration and cold-laps. However, little 
or no experimental data have hitherto been obtained 
above 1250° C., although the surfaces of moulds reach 
much higher temperatures. 

Lucks, Linebrink, and Johnson? determined the 
thermal conductivity of unbonded moulding sands 
over the temperature range 20-1230° C. Their method 
was to maintain a constant elevated temperature on 
one side of a large specimen of unbonded sand com- 
pacted by jolting, and to measure the temperature 
gradients in the sand with thermocouples and the rate 
of heat flow through the specimen with a calorimeter. 
The method has the inherent disadvantage that large 
temperature gradients, about 80° C./cm., are produced 
in the specimen, and consequently the precision of the 
results is limited. However, they do show con- 
clusively that the thermal conductivity of unbonded 
moulding sands increases markedly with temperature 
and is very dependent on the sand grain-size. Extra- 
polation’ of their results to steel-casting temperatures 
predicts conductivities as much as five times as great 
as the room-temperature value; however, such extra- 
polation is not valid, because of the sintering that 
occurs in the sand at an increasing rate beyond about 
1300° C. Dietert, Hasty, and Doelman‘ determined 
the thermal conductivities of bonded moulding sands 
over the same temperature range as Lucks et al. Their 
apparatus, developed by Finck,‘ consisted of a circular 
flat hot-plate with guard heaters at the circumference 
and bottom of the test specimen. They found a 
similar increase in thermal conductivity with increas- 
ing temperature, and proposed that the thermal 
conductivity of compacted moulding sands is deter- 
mined solely by the sand density. 

Accurate determinations of sand thermal conduc- 
tivity at steel-casting temperatures seem desirable; 
this paper describes the development and application 
of a method for determining the thermal conductivity 
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SYNOPSIS 

The influence of numerous variables on the apparent thermal 
conductivity of compacted granular refractory materials has been 
investigated, using an apparatus suitable for determinations over 
the temperature range 20-1600° C. 

It is shown that, for compacts of bentonite-bonded silica sands, 
the apparent thermal conductivities at low temperatures are 
similar and of the order of 0.002 ¢.g.s. units. The conductivity 
decreases slightly on heating to about 500°C., but above this 
temperature it increases rapidly until about 1300° C., after which 
it continues to increase but at a decreasing rate, eventually reaching 
values as high as 0.005 c.g.s. units at about 1600°C. The apparent 
thermal conductivity, and its rate of increase with temperature, 
increase with sand grain-size and vary appreciably with the 
chemical composition of the sand. Increase of compact density 
and of binder content of the sand increases the apparent thermal 
conductivity, noticeably at low temperatures. 

For bentonite-bonded olivine- and zircon-sand compacts, the 
room-temperature apparent thermal conductivity values are 
similar to those of silica-sand compacts; however, the variation 
of apparent thermal conductivity of olivine compacts with tempera- 
ture is small, whereas zircon compacts show a similar variation to 
silica-sand compacts. 

The variation of apparent thermal conductivity with temperature 
for a fired exothermic material and a plaster, both used for 
improving the efficiency of feeding, has been determined. 

The results, which are tentatively explained in terms of heat 
transfer by solid and gaseous thermal conduction and by trans- 
granular and intergranular radiation. suggest that heat transfer 
by transgranular radiaticn predominates at high temperature. 

The application of the results to the problems of depth of metal 
penetration into facing sand and of feeding of castings is briefly 
discussed. 764 


of compacted moulding materials over the temperature 
range 20-1600° C. 
Principle of Present Method 

The method, which was used by Niven® for deter- 
mining the thermal conductivity of relatively poor 
conductors, is to produce small temperature gradients 
in a cylindrical specimen of the material by means 
of an electrically heated wire passing down its axis. 
When steady-state conditions have been attained, 
measurements of the temperature at two points in the 
specimen and of the current and voltage drop per cm. 





Manuscript first received 29th November, 1952, and 
in its final form 16th March, 1953. 

Dr. Atterton, formerly in the Department of Metal- 
lurgy, University of Cambridge, is Research and Develop- 
ment Manager at Foundry Services Ltd., Birmingham. 
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Table I 
COMPOSITION OF SANDS 
| Composition, wt.-% 
Sand 
Sand | Bentonite| Water 
Silica sands 
A Leighton Buzzard, Ar- | 92 4 4 
nold’s 26A (— 22 mesh 
fraction 
B Leighton Buzzard, Ar- | 94 2 2 
nold’s 52A (— 16 mesh 
fraction) 
C Chelford sand 90-5 4 5°5 
Olivine sand 92 4 4 
Zircon sand 92 4 4 




















in the heating wire enable the thermal conductivity 
to be calculated. This method has been extended to 
high temperatures by placing the compacted sand 
specimen in a furnace, heating at a particular tempera- 
ture until the temperature is equal throughout the 
specimen, and then producing small temperature 
gradients as above. 

The theory of the method may be developed by 
considering a cylindrical specimen to which heat is 
being supplied at the rate of H units/sec. per cm. 
by an electric current passing through a uniform 
straight wire coinciding with the axis of the specimen. 

When steady-state conditions have been attained, 
i.e., when the temperature at each point is constant 
with time, 
dT 

H = — kez 
where k is the thermal conductivity of the material 
and dT’ is the change in temperature on moving from 
a radial distance r to r + dr, measured from the axis 
of the specimen. 

If J amp. is the current and V is the voltage drop 
along a length / cm. of the heating wire, then 


2rr, 


which on integration gives 
JY loge? = 2n(T, — T)km, 
1 
where 7', and 7’, are the temperatures at radial 
distances 7, and r, cm. from the central heating wire, 
and k,», is the mean conductivity over the temperature 
range 7’, to T',. Therefore, 


IV . . 
km = (P— T,) | ©-2 x Qal 

An experimental check of the validity of this 
equation for the conditions existing in the present 
apparatus may be obtained by plotting 7, — 7’, 
against JV over a small temperature range, where k», 
may be assumed to be constant. The graph should 
be linear, passing through the origin with slope 

log.) /4-2 x 2zl, and the results of one such check 

1 

showed this to be so. 


MATERIALS 


The silica sand used in most of the experiments 
was washed and dried Leighton Buzzard sand. It 
was passed through a coarse sieve to remove large 
silica particles, and was milled for a standard time 
in an August Simpson mill* (20-lb. capacity), with 
Quest bentonite as bonding agent. Mixes of an 
artificially graded Chelford sand, a zircon sand, and 
an olivine sand{ were similarly prepared. Details of 
the compositions and gradings of the sands are given 
in Tables I and II. Samples of an exothermic feeding 
material (Feedex 3) and an insulating plaster were 
supplied by Foundry Services Ltd. 


APPARATUS AND TECHNIQUE 


The apparatus is essentially a high-temperature 
molybdenum-wound furnace in which compacted 
cylindrical specimens can be heated to about 1600° C., 


Ur) 
log.— 
Be, 








* In the sand laboratory of K. and L. Steel-founders 
and Engineers Ltd., by permission of the Directors. 
+ Supplied by Catton and Co., Ltd. 




















1 ang ),.2.2P t Prepared at Sheffield University and supplied by 
4-21 dr ‘ Mr. J. M. Middleton. 
Table II 
DETAILS OF SAND GRADING 
Cumulative wt.-% at Mesh No. 
Sand 
16 | 22 | 30 | 44 60 | 72 | 100 | 150 Pan 
Leighton Buzzard | 
Sand A Nil 0-04 0-16 0-64 2-48 7:48 46-72 87-76 97-30 
Sand B Nil 2-96 31-26 77-46 93 -62 95-58 97-14 96 -68 99 -66 
Olivine sand 6 | 12 18 34 54 | 68 86 96 98 
Chelford sand (artificial grading) — 100/+ 120 mesh 25% 
— 120/+- 150 mesh 50% 
— 150/+ 200 mesh 25% 
Zircon sand — 72/+-100 mesh 0:6% 
— 100/+- 150 mesh 3-8% 
— 150/+ 200 mesh 20-4% 
— 200 mesh 75-2% 
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OF MOULDING MATERIALS AT HIGH TEMPERATURES 203 
with auxiliary equipment for the production and alumina tube (2} in. internal dia., 23 in. external dia.) 
measurement of temperature gradients inthe specimen. wound over a central length of 10 in. with 1-mm. dia. 

molybdenum wire. The windings, secured in position 
onitial Furnace with a thin coating of silica-free alumina cement, are 
, wire, The furnace consists of a 2-ft. length of ARR non-uniformly spaced so as to assist the uniformity of 
rature temperature in the hot zone of the furnace. The 
B ee DB alumina tube is located concentrically inside a silica 
2 33 a: a tube, 6 in. internal dia., by means of top and bottom 
g Be 25 g¢ water-cooled brass end-pieces (Fig. 1). The annular 
4 é 68 € 5 space between the tubes is filled with Grade A crushed 
P White > 28 oo 8 fused alumina, graded 80 that the space adjacent to 
enent Res wi = the furnace windings is coarse (20-mesh) alumina, 
~ 7, \) whereas the remaining space is fine (150-mesh) 
re ky, Controller Cooling fins alumina. Although the coarse material is of relatively 
hould thermocouple high conductivity, it sinters 
slope + less than fine alumina and 
~=— Purified so the danger of mechanical 
check nade stress on the windings is 
Tufnol taper reduced. The outer silica 
Brass end piece tube is surrounded with a 
= a a welded +-in. thick steel 
nents mt Y--1-- drum, packed with fine 
Lo O:-:: | ges boi AS alumina, to provide addi- 
large a IH | e=#==-3f--- Nickel radiation shield; tional heat insulation. 
time ff  #£=f---- +o. The furnace windings are 
win MW  -« (fs protected from oxidation by 
a i i Sees passing purified forming gas 
and Welded steel case (90% nitrogen, 10°% hydro- 
Isof § ff... __. G@----- gen mixture) through the 
riven 7 Auurina insulators gas-tight annular space be- 
ding |  ({----------- a tween the silica and alumina 
were fo [777777 - = Silica tube tubes. The gas is purified 
bya tteclahak al Molybdenum windings by passing over copper, 
----------& nickel, and iron gauzes heat- 
ee ) = Central heating wire ed to 650°C. and through 
ture = silica gel, potassium hydrox- 
cted Bs ee a ie > SRR alumina tube ide pellets, and magnesium 
, --Y epee BE -Z ae perchlorate. The annular 
ders —— Y Pee 5 A BO-mesh Sand compact space is evacuated with a 
tors. ae - 2 water pump, before passing 
7. an) | oe Sega 4 Wy 3 Sintered alumina base the forming gas, to aid 
; oO air removal. The graded 
Pt-I% Rh/Pt-13%Rh alumina in the annular space 
thermocouples has the additional advantage 
rine eee ile aapent: vibes of restricting the bulk of the 
gas flow to the region of the 
me? ONG ee See =o furnace windings. 
ee ate Furnace Control 
—— / ae The apparatus is designed 
Alumina insulators for temperature control 
a, | ee with a Cambridge Instru- 
ment Co. controller energized 
D by a Pt/Pt-13°,Rh thermo- 
b couple attached to the 
: furnace windings (Fig. 2). 
The furnace current can 
= _ 2 3 an be varied between low and 
- high values as the 8-ohm 
resistance is cut respectively 
Forming gas outlet=—= Ball and spring in and out of the circuit by 
Support Clips the hot-wire vacuum switch. 
: However, although the furn- 
ace temperature can be 
Fig. 1—Diagram of apparatus controlled to about + 2°C. 
— in this way, the compact 
3 JULY, 1953 JOURNAL OF THE IRON AND STEEL INSTITUTE 
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Furnace 


? 200V. 


Sunvic hot- _ 
wire vacuum” 
| switch FIO6-5 





| | To controller 


Fig. 2—Circuit diagram for furnace temperature 
control 


temperature fluctuates in a periodic manner which is 
governed by the high and low values of the furnace 
current. These thermal fluctuations can be eliminated 
by allowing the furnace temperature to steady out 
under constant power input; temperatures constant 
to + 1-2°C. are then obtained, the molybdenum 
winding being apparently self-compensating for small 
voltage fluctuations. 


Compact Preparation 


The sand compacts are prepared in a 2-in. dia. 
split core-box fitted with top and bottom plungers. 
Through these pass three 3-mm. dia. silver-steel rods, 
one lying along the axis of the core box and the others 
parallel to and at known radial distances from the 
first. These rods determine the position of the central 
heating wire and butt-welded.thermocouples (Fig. 3). 
The sand is placed in the core box and slowly com- 
pacted in a manually operated hydraulic press. This 
technique, in contrast to ramming, produces a compact 
of substantially uniform density. The resulting green 
compact is dried in an electric oven and its dry density 
determined by mensuration. 

Alumina tubes are then sealed in the holes pre- 
viously occupied by the silver-steel rods, by means of 
a small quantity of a silica wash. The central platinum 
wire and the two platinum thermocouples are fixed 
in position (Fig. 3) and the apparatus is then assembled 
as shown in Fig. 1. 


Temperature Measurement 


Temperatures in the sand compact are determined 
by means of butt-welded Pt-1°%Rh/Pt-134Rh 
thermocouples.?_ These couples, although giving 
smaller e.m.f.’s than the usual Pt/Pt-13% Rh thermo- 
couple, are far less susceptible to contamination and 
deterioration. The thermocouple e.m.f.’s are measured 
potentiometrically, the couples being calibrated before 
and after use at the silver point (960-8°C.). The 
method of measuring the temperature gradient sub- 
stantially eliminates errors due to contamination of 
either couple (see Appendix). 


Heating Wire 


The platinum wire along the axis of the compact is 
connected through a variable resistance to a 110-V. 
D.C. supply. The current in the wire can be varied 
between about 2-5 and 5-5 amp., and is measured 
using an ammeter calibrated to 0-01 amp. The 
voltage drop per cm. along the wire is determined by 
means of two platinum wires connected to the central 
heating wire at a known distance apart. The p.d. 
between these two wires is measured on a voltmeter 
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calibrated to 0-01 V. The voltmeter circuit is of high 
resistance (about 5000 Q) and consequently takes a 
negligible portion of the heating-wire current. 


Determination of Thermal Conductivity 


The furnace is slowly heated up to the desired 
temperature, the thermal conductivity generally being 
determined at about 100°, 500°, 750°, and 1000° C., 
and from then on to about 1600° C. at 100° C. inter- 
vals. When the compact temperature is constant, 
current is passed through the central heating wire; 
steady-state conditions are obtained after 1-5 hr., 
depending on the thermal diffusivity of the compact 
(Fig. 4). At least two determinations are made at 
each temperature, with different power inputs to the 
central heating wire. 


RESULTS AND INTERPRETATION 


Variation of Thermal Conductivity of Silica-Sand 
Compacts 

Variation With Temperature—Figure 5 shows the 
variation of the apparent thermal conductivity with 
temperature for compacts of silica sands A and B, 
bonded with 4°% of bentonite. In general, the con- 
ductivity of the compacts decreases on heating up to 
about 500° C., and then increases at an increasing rate 
up to about 1300°C.; beyond this temperature it 
continues to increase but at a decreasing rate. 

At low temperatures, heat flow must take place 
mainly by thermal conduction through the silica 
grains and across the clay films that surround and 
connect the grains; heat transfer by gaseous con- 
duction is no doubt slight, because of the relatively 
low thermal conductivity of air at these temperatures, 
and that due to radiation is negligible. The reduction 
in thermal conductivity between about 100° and 
500° C. probably results from a decrease in the true 
thermal conductivity of the silica grains and, to a lesser 
extent, from the contraction of the clay films as they 
lose physically absorbed moisture on heating; the 
latter causes a reduction in the area of contact between 
the grains for thermal conduction. For a few of the 
compacts there is no initial decrease in conductivity 
(Figs. 5 and 11); as may be seen later, this minor 
effect has not, so far, been related to any particular 
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Fig. 3—Detail of apparatus 
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property of the compact, although in general it 
occurs with compacts initially dried above 170°C., 
at which temperature the clay contraction is sub- 
stantially complete. Beyond 600°C., the apparent 
thermal conductivity increases mainly because of 
greater heat transfer by radiation, possibly either 
trans- or intergranular, and to a lesser extent because 
of increased thermal conductivity of the air in the 
pores. Schwartz,’ as a result of a simplified theoretical 
treatment where he suggests that intergranular radia- 
tion is the predominant mechanism of heat transfer 
at high temperatures, predicts that the variation with 
temperature of the apparent thermal conductivity of 
a compacted moulding sand should obey the equation 
k =k, + ArT, where k& is the apparent thermal 
conductivity, ky is the true thermal conductivity, A 
is a constant, R is the radius of the sand grains, and 
T is the absolute temperature. However, it may be 
assumed that a similar type of equation could be 
developed if transgranular radiation were considered. 
Figure 6 is a graph of the apparent thermal con- 
ductivity against the cube of the absolute temperature 
for the present results, and it may be seen that the 
equation is obeyed approximately up to temperatures 
of about 1300°C. Above this temperature, the 
apparent thermal conductivity values are less than 
those predicted by the cubic equation. This suggests 
that the chemical reaction and sintering that occur 
in the sand beyond 1300° C. are reducing the quantity 


of heat transferred by radiation; transgranular radia-° 


tion would be reduced by the formation of slag-like 
materials, as a result of chemical reaction and sintering 
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at the grain surface, and intergranular radiation 
would be reduced by the decrease in total inter- 
granular pore space that occurs on sintering of sand 
and binder. 

Variation With Sand Grain-Size and Chemical 
Composition—Figure 7 shows the variation of the 
apparent thermal conductivity with temperature for 
compacts of sands A and B, from Leighton Buzzard 
deposits, and sand C, from Chelford deposits. The 
sieve analyses of these sands are shown in Table II; 
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TIME, hr. 
Fig. 4—Variation with time of the temperature dif- 


ference between the two thermocouples. Heat 
supplied per cm. of wire: (a) 1:25 W., (6) 1-8 W. 
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TEMPERATURE, °C. 
Fig. 5—Variation with temperature of the apparent 


thermal conductivity of (a) silica sand A, (6) silica 
sand B 


all the sands are of identical binder content (7.e., 4°, 
of bentonite) and similar compact density. 

For the Leighton Buzzard sands, the coarser sand 
compact has a higher conductivity than that of the 
finer sand at all temperatures; also, the rate of increase 
of thermal conductivity with temperature is appre- 
ciably greater for the coarser sand. This result does 
not support the conclusion of Dietert, Hasty, and 
Doelman‘ that the apparent thermal conductivity 
of a sand compact, at any particular temperature, 
depends solely upon its density. However, both 
Russell? and Schwartz’ indicate in their theoretical 
treatments that it is the size of the individual pores 
in the compacted sand, not the total pore volume, 
that determines the quantity of heat transferred by 
intergranular radiation. Moreover, Russell shows 
that the conductivity due to radiation across a pore 
space is directly proportional to the width of the 
pore (see p. 208). 

The higher conductivity of the coarse sand A at 
low temperatures, where radiation is negligible, is 
probably due to the greater quantity of heat trans- 
ferred by true solid thermal conduction. Owing to 
the smaller surface/volume ratio of the coarse sand, 
the thickness of the clay films surrounding its grains 
is appreciably greater since both sands have identical 
binder contents; consequently, the area of contact 
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For details of symbols, see Fig.5 


1300° C. for the Chelford 
sand. 

A possible explanation of 
F this difference in behaviour 





uw 
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is that the quantity of heat 
transferred by transgranular 
radiation is affected to a 
greater extent in the Leigh- 
ton Buzzard compact than 





\ 
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in the Chelford sand com- 
pact. As has been suggested 
above, the formation of slag- 
like materials, which are 
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probably relatively opaque 
to heat radiation, may in- 
fluence the heat transfer 
by transgranular radiation. 
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Therefore, an investigation 
of the fired compacts was 
carried out to determine the 
extent and _ products of 
chemical reaction. 





The colour of the Chelford 
sand compact after firing 
was white, in contrast to the 























reddish brown of the fired 
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Fig. 6—Variation of apparent thermal conductivity of silica sands A and B 


with the cube of the absolute temperat 


between the coarse grains for true thermal conduction 
is greater. 

The shape of the thermal-conductivity/temperature 
curve for the very fine Chelford sand is different from 
those of the Leighton Buzzard sands. The rate of 
increase of conductivity is appreciably greater and, 
at high temperatures, the conductivity values are 
similar to those of the coarser Leighton Buzzard 
sand. It is also significant that there is considerably 
smaller departure from the cubic law beyond about 
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Fig. 7—Variation of apparent thermal conductivity of 
silica sands A, B, and C with temperature 
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Leighton Buzzard compacts 
(Fig. 8); this indicates a 
relatively high iron content 
ure in the latter, and chemical 

analysis gave: Chelford sand, 
0-22% Fe; Leighton Buzzard sand, 0-70% Fe. Petro- 
graphic examination* showed the formation of a brown 
glass in the Leighton Buzzard sand and a colourless 
glass bond in the Chelford sand. It seems probable, 
therefore, that the marked departure from the cubic 
law beyond 1300° C. for silica sands may well be a 
reflection of chemical reaction and formation of a 
relatively opaque glass at the surface of the grains, 
leading to a reduction in the quantity of the heat 
transferred by transgranular radiation. 

Variation With Compact Density—Figure 9, derived 
from Fig. 5, shows that the thermal conductivity of 
compacted silica sands increases with compact 
density and that the rate of increase decreases with 
increase of compact density. This result may be 


* Carried out by Dr. W. Davies, of the United Steel 
Companies, Ltd. 








Sand C Sand A 
Fig. 8—Vertical sections through fired compacts of 
Chelford sand C and Leighton Buzzard sand A 
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Fig. 9—Variation of apparent thermal conductivity with 
compact dry density 


explained by the greater quantity of heat transferred 
by true solid conduction consequent upon the increase 
of area of contact between the grains as the compact 
density is increased. At low densities, the area of 
contact between grains, and consequently the amount 
of heat transferred by thermal conduction, rapidly 
increases with slight increase of density. However, 
at moderate densities a further increase produces only 
a fairly small increase in contact area for thermal 
conduction. 

Variation With Binder Content—Figure 10 shows the 
variation in thermal conductivity with temperature 
for compacts of sand A containing various binder 
contents. The increase in conductivity with binder 
content is appreciable only at low temperatures, and 
is therefore probably due solely to the greater area 
of contact between the grains. At the higher tempera- 
tures beyond about 1000° C., where heat transfer by 
radiation predominates over that by true solid con- 
duction, the difference in conductivity is virtually 
negligible. 

Variation of Thermal Conductivity With Temperature 
for Olivine- and Zircon-Sand Compacts 

Figure 11 shows the variation of apparent thermal 
conductivity with temperature for compacts of olivine 
and of zircon sands, both bonded with 4% of ben- 
tonite. 

For the two olivine compacts, the variation in 
thermal conductivity with temperature is far less than 
that found with silica-sand compacts. As usual, 
beyond 500°C. the thermal conductivity increases 
according to the cubic law, owing to the onset of 
trans- and intergranular radiation, but by about 
1000° C. the rate of increase of conductivity with 
temperature has already started to decrease. 

As was suggested earlier, such departures from the 
cubic law may well be due to chemical reaction and 
to sintering at the surface of the sand grains, which 
produces materials that are relatively opaque to heat 
radiation; this will reduce the quantity of heat trans- 
ferred by transgranular radiation. The occurrence of 
such chemical reaction in the olivine sand at relatively 
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Fig. 10—Variation of apparent thermal conductivity 
with temperature for compacts of sand A con- 
taining various binder contents 


Fig. 11—Variation of apparent thermal conductivity 
with temperature for compacts of olivine and zircon 
sands 


low temperatures was supported by the black colour 
and the high strength of an olivine compact fired to 
1250°C., and by examination of a petrographic 
section of a fired compact where low-melting-point 
iron silicates were observed at the grain boundaries. 

The thermal-conductivity/temperature curve for 
the zircon-sand compact is similar to that of a silica 
sand, although the conductivity is slightly higher over 
the range 100-500°C. and does not begin to 
increase until about 750°C. compared with about 
500° C. for silica-sand compacts. A probable explana- 
tion of the former is the higher true thermal con- 
ductivity of zircon compared with that of silica; this 
may also partially explain the latter, since heat trans- 
fer by radiation would consequently not predominate 
until a higher temperature was reached. 
Variation of Thermal Conductivity With Temperature 

for Insulating Feeder Materials 

Figure 12 shows the variation of the thermal con- 
ductivity of compacts of a fired exothermic material 
and of an insulating plaster with temperature. Exo- 
thermic materials are now widely used, in all branches 
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Fig. 12—Variation with temperature of the apparent 
thermal conductivity of a fired exothermic material 
and an insulating plaster 


of the foundry industry, for minimizing the size of 
feeder heads, and they depend upon producing (and 
maintaining) a temperature differential between 
feeder head and casting. The suggested application 
of plaster materials, which must be confined to non- 
ferrous founding, depends on their better insulation, 
compared with sand, of the feeder head. 

The results show that the thermal conductivity of 
the plaster material is less than that of fired exothermic 
compounds and that, at higher temperatures, the 
conductivities of both are less than those of typical 
moulding sands. At room temperature, the ratio of 
the conductivity of the exothermic sinter to that of 
plaster is about 7. However, the conductivity of the 
sinter decreases initially with increasing temperature, 
in contrast to that of the plaster, so that by about 
750° C. the ratio of the conductivities is reduced to 
about 3. The marked initial decrease in the apparent 
thermal conductivity of the sinter may be due to 
oxidation of residual aluminium in the material; this 
would also explain its high initial conductivity. After 
increasing in thermal conductivity from about 600° 
to 1100°C., no doubt owing to heat transfer by 
radiation, the compact of the fired exothermic material 
shows virtually no further change in conductivity; 
this is probably due to a reduction in the influence 
of radiation effects consequent upon slagging, etc., 
within the compact. In the case of the plaster, 
measurements of the conductivity could not be made 
above 1000° C. because of very marked sintering that 
led to a cracking and deterioration of the compact. 


DISCUSSION 
Mechanisms for Heat Transfer Through Compacts of 
Clay-Bonded Refractory Grains 

Heat transfer may take place in five ways: (t) By 
true thermal conduction through the silica grains 
and the clay films between them; (27) by true thermal 
conduction through the air in the pores of the compact; 
(iit) by intergranular radiation across a pore; (iv) by 
radiation through the grains; (v) by gaseous con- 
vection. 
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(t) True Thermal Conduction Through Silica Grains 
and Through Clay Films Between Them—In the absence 
of other methods of heat transfer, the quantity of heat 
conducted should increase as the area of contact 
between the grains increases, and should approach 
that of a block of solid silica at high compact densities. 
Little is known of the variation of the thermal con- 
ductivity of solid, non-porous, refractory materials 
with temperature. However, Barratt,!®° Eucken,}! 
and Griffiths and Kaye?? have carried out determina- 
tions on the thermal conductivity of quartz crystals 
at and below room temperature; these results are 
summarized in Table III. The thermal conductivity 
is appreciably higher than that of sand compacts at 
similar temperatures; this is undoubtedly due to the 
reduced area for conduction in the granular specimens. 
Also, these few results show that the conductivity of 
crystalline quartz decreases with increase of tempera- 
ture up to about 100°C., and it may justifiably be 
assumed that the same is true at higher temperatures. 

(it) True Thermal Conduction Through Air in Pores 
of Compact—The results for the variation of the 
thermal conductivity of air with temperature show 
considerable disagreement at higher temperatures 
(Table IV), but they are sufficient to illustrate that 
this mechanism must always play a small part 
in the transfer of heat through a sand compact. 

(iit) Intergranular Radiation Across a Pore—In his 
theoretical treatment of this mechanism, Russell® 
considers the apparent thermal conductivity K, of a 
pore to be the sum of the true conductivity K;, of air 
and the ‘conductivity’ K, due to radiation. He 
defines the radiation component as the rate of heat 
transfer by radiation per unit area divided by the 
temperature gradient. This is expressed in the form 

Ky = 40AT°X, 
where K; = conductivity due to radiation, c.g.s. units 
o = Stefan’s radiation constant (1-36 x 10-” 
cal./sq. cm. sec. [° K.]*) 
A = constant depending on the emissivity and 
geometry of surfaces of air space 
(A <1 for refractory materials) 
T = temperature, ° K. 
X = width of air space, cm. 
It follows that the apparent conductivity is given by 
Ka = Ki + K, = Ki + 5-44 x 10-2073X, and 
hence that the amount of heat transferred by inter- 
granular radiation increases rapidly at high tempera- 


Table III 


VARIATION OF THERMAL CONDUCTIVITY OF 
CRYSTALLINE QUARTZ WITH TEMPERATURE 


(from International Critical Tables) 


























Thermal Conductivity, cal./cm. sec. °C. 
Temp., ° C. 
Quartz Parallel Quartz Perpendicular 
to Axis to Axis 
— 200 0-0150 0-0065 
— 150 0.0074 0 -0036 
— 100 0-0050 0-0259 
— 50 0-0380 0-0205 
0 0-0319 0-0169 
50 0-0255 0-0148 
100 0-0210 0-0131 
JULY, 1953 
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tures. The present results show that the apparent 
conductivities of several compacted silica sands are 
linearly related to the cube of the absolute tempera- 
ture over a considerable temperature range. 

(iv) Radiation Through the Grains—Although there 
is little quantitative data available on the transmission 
coefficients of refractory materials to infra-red and 
visible radiation at either low or high temperatures, 
the present results suggest that a considerable quantity 
of heat is transferred through a sand compact at high 
temperatures by this mechanism. Additional support 
for this hypothesis is obtained from estimates of the 
apparent thermal conductivity made solely on the 
basis of mechanisms (¢), (27), and (i727), these estimates 
being considerably lower than the experimentally 
determined values. 

(v) Gaseous Convection—Heat transfer by convection 
is possible, but it is probably negligible for the small 
pores existing in typical sand compacts. 

Relative Importance of Mechanisms (i)-(v) in Heat 
Transfer 

At low temperatures, the apparent thermal con- 
ductivity of a granular refractory compact is probably 
substantially equal to its true thermal conductivity 
since, at these temperatures, the influence of gaseous 
conduction is slight and that of radiation is negligible. 
Therefore from, say, Fig. 5 (for a silica-sand compact), 
the true thermal conductivity is about 0-002 ¢.g.s. 
units, and comparison of this value with Table III 
indicates that the silica grains in the compact can 
be in contact over only about one-tenth of their actual 
surface area. Naturally, the area of contact between 
the grains depends on the binder content of the 
material and on the compact density; Figs. 9 and 10 
show that an increase of these variables leads to greater 
apparent thermal conductivity, no doubt due to an 
increase in the true thermal conduction component. 
On heating up to about 500° C. the apparent thermal 
conductivity decreases; this is probably due mainly 
to a decrease in the true thermal conductivity of the 
silica grains, and to a lesser extent to a decrease in 
the area of contact between the grains as the clay 
films surrounding them lose physically absorbed 
moisture. With further increase in temperature, the 
true thermal conductivity of silica probably still con- 
tinues to decrease, as is suggested by Table III, but 


Table IV 


VARIATION OF THERMAL CONDUCTIVITY OF 
AIR WITH TEMPERATURE 











From International Critical Tables Quoted by Russell® 
Thermal 
a age Conductivity, = Gussie, 
eH c.g.s. units x 10-° ‘ c.g.s. units x 10-> 
0 5-33 0 5-9 
50 6-08 200 8-9 
100 6-82 400 11-6 
150 7-46 600 13-7 
212°5 8-26 800 15-8 
32:5 5-81 1000 16-9 
253: 9-49 1094 17-4 
430-6 13-75 
539 19-56 
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Fig. 13—Variation of apparent thermal conductivity 
of silica-sand compacts with temperature. 
(Schematic) 


the apparent thermal conductivity of the granular 
silica compact is more than compensated by the 
increase in heat transfer by radiation and, to a 
considerably smaller extent, by the increase in the 
thermal conductivity of air. For silica-sand compacts, 
the apparent thermal conductivity increases up to 
about 1300° C. in accordance with the cubic tempera- 
ture equation, whereas above this temperature it 
shows a negative deviation: The present results 
suggest that this deviation is mainly due to a reduction 
in the heat transferred by transgranular radiation 
consequent upon the formation, by chemical reaction 
and sintering, of materials that are relatively opaque 
to heat radiation. Another contributory mechanism 
may be the modification of the pore space as a result 
of sintering; although several large pores may be 
produced, the overall result of sintering is to reduce 
pore volume and size and consequently to reduce the 
magnitude of the heat transfer due to intergranular 
radiation. However, the influence of these two 
reactions may be partially compensated by the 
increase in the area of contact between the grains, 
consequent on sintering, which increases the true 
thermal conduction component. Figure 13 indicates 
the variations with temperature of the several com- 
ponents of the apparent thermal conductivity of a 
silica-sand compact, just discussed. 

The behaviour of the Chelford silica sand compared 
with the Leighton Buzzard silica sand is additional 
support for the theory of considerable heat transfer 
by transgranular radiation. If intergranular radiation 
predominated at high temperatures, one would expect 
the finer Chelford sand to show a small variation of 
apparent thermal conductivity with temperature, 
owing to its small pore size. On the contrary, however, 
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this sand showed a large rate of increase of thermal 
conductivity with temperature beyond about 750° C., 
and an investigation of a fired Chelford sand compact 
revealed less chemical reaction, relative to the 
Leighton Buzzard sand compacts. It may therefore 
be assumed that such chemical reaction reduces the 
transparency of the sand grains to heat radiation and 
is responsible for the deviations from the cubic law 
beyond about 1300° C. 

There are possibly several contributory mechanisms 
responsible for the far smaller variation in apparent 
thermal conductivity with temperature of the olivine 
compacts compared with the silica compacts. Birch 
and Harvey!* measured the thermal conductivity of 
various refractory bricks up to 950°C., and found 
that the thermal conductivity of forsterite bricks 
(forsterite is the main constituent of olivine) is con- 
siderably lower than that of silica bricks and that its 
temperature derivative is negative. This suggests 
that the effect of radiation on the apparent thermal 
conductivity may here be offset by a considerable 
decrease in the quantity of heat transferred by thermal 
conduction. However, a considerable reduction in 
the amount of heat transferred by transgranular 
radiation is probably the prime cause of the virtually 
negligible increase in apparent thermal conductivity 
beyond about 1000° C. The behaviour of the olivine 
compacts again illustrates the predominance of trans- 
granular over intergranular radiation. The theory of 
heat transfer in granular materials by intergranular 
radiation suggests that, for materials of low and 
similar true thermal conductivities, such as olivine 
and zircon, the apparent thermal conductivity at high 
temperatures is determined by the pore size and thus 
approximately by the mesh grading of the material. 
The grading of the olivine sand is about half-way 
between those of the Leighton Buzzard 26A and 52A 
sands but, for compacts of equal binder content and 
similar porosity, the apparent thermal conductivity 
at high temperatures of the olivine sand is less than 
that of the two silica sands. 

As mentioned on p. 207, the behaviour of the 
zircon-sand compacts is substantially the same as 
that of silica sand, although the results suggest that 
the true thermal conductivity of zircon is slightly 
higher than that of silica. 


Problems in Foundry Practice 


In conclusion, two practical founding problems will 
be discussed in the light of the experimental results. 
The work described in this paper arose out of an 
earlier investigation of the problem of metal penetra- 
tion in castings, where it was realized that the depth 
of metal penetration into facing sand, and conse- 
quently the extent of ‘burnt-on’ sand, depends 
markedly upon the thermal properties of the facing 
sand. If the necessary conditions of metal penetra- 
tion are attained at the metal/mould interface (7.c., 
if the metallostatic pressure is sufficient to overcome 
the surface forces opposing penetration into the pores 
of the sand face), the metal penetrates rapidly until 
it solidifies. Consequently, the depth of penetration 
depends upon the thickness of facing sand that has 
been heated up to and above the melting point of 
the metal; this depends mainly upon the thermal 
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properties of the sand and the superheat of the metal. 
Therefore, small depths of penetration, as well as 
high penetrating pressures,® are likely to be found 
when facing sands of fine grain-size are used. How- 
ever, this generalization must be modified, since the 
temperature and the rate of cooling of the metal at 
the metal/mould interface are likely to be higher and 
slower respectively when sands of low thermal con- 
ductivity are used; in fact, the chance of instantaneous 
solidification occurring at the interface, with the 
complete avoidance of metal penetration, is greater 
when the coarse sands, of high thermal conductivity, 
are used. Nevertheless, the use of fine facing sands, 
consistent with adequate permeability, should in 
general lead to less, and to less severe, metal pene- 
tration. 

The results are also of interest in connection with 
the solidification of castings, and may be applied to 
advantage in controlling directional solidification and 
improving the feeding of castings. To a small extent, 
the use of fine sands of low thermal conductivity for 
facing and eovering feeder heads should lead to a 
slower rate of cooling of the feeder metal, owing to 
reduced heat loss by apparent conduction and by 
radiation respectively, with consequent improved 
soundness of the casting. However, such a method 
is of little consequence, since a considerably more 
effective and efficient method is available in which 
heat is supplied to the feeder-head metal by means 
of exothermic materials used either as powder or 
moulded into sleeves. The results of the present 
investigation apply to the latter where the thermal 
conductivity of a burnt-out sinter of a moulded 
exothermic material has been determined. It is 
significant that this material, as well as considerably 
superheating the feeder-head metal, also insulates 
the metal more effectively than the majority of 
foundry sands, because of its lower thermal con- 
ductivity at steel-casting temperatures. 

Several authors!» 15 have recently discussed the 
possible use of insulating sleeves of plaster on the 
feeder heads of low-temperature non-ferrous castings. 
The apparent thermal conductivity of such a plaster 
is considerably lower than that of any other of the 
materials examined, and this material can probably 
be used advantageously for very large non-ferrous 
castings that solidify over an appreciable period of 
time, especially if it is used in conjunction with an 
insulating cover on the feeder head. 


SUMMARIZED CONCLUSIONS 


(1) The apparent thermal conductivities of com- 
pacts of bentonite-bonded silica sands are of similar 
values (about 0-002 c.g.s. units) at room temperatures, 
where the mechanism of heat transfer is virtually only 
by true thermal conduction. Increase of temperature 
up to about 600°C. causes a decrease in apparent 
thermal conductivity, owing to a decrease in the true 
thermal conductivity of silica. Between 600° and 
1300° C., the conductivity increases in a linear manner 
with the cube of the absolute temperature, owing to 
the onset and eventual predominance of heat transfer 
by intergranular and transgranular radiation. Beyond 
about 1300°C. the apparent thermal conductivity 
values are less than those predicted by the cubic 
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equation, and this is probably due mainly to reduction 
in the heat transferred by transgranular radiation 
consequent upon chemical reaction and sintering in 
the sand. 

(2) For Leighton Buzzard sand compacts, the 
apparent thermal conductivity markedly increases 
with increase of sand grain-size, particularly at high 
temperatures where radiation effects are appreciable. 
However, for sands from different deposits (e.g., 
Leighton Buzzard and Chelford sands) it seems that 
the apparent thermal conductivity at high tempera- 
tures is more dependent upon the chemical composi- 
tion of the sands, which probably influences their 
transparency to heat radiation. 

(3) Increase of compact density and of binder 
content of bentonite-bonded silica sands increases the 
apparent thermal conductivity, particularly at low 
temperatures, and this is probably due mainly to an 
increase in the area of contact between the grains 
for true thermal conduction. 

(4) The apparent thermal conductivity of a zircon 
sand and its variation with temperature over the 
range 20-1550° C. are similar to those of silica sands. 

(5) Olivine-sand compacts have apparent thermal 
conductivity values that are similar to those of silica 
sands at low temperatures; but their variation with 
temperature is considerably less, and this has been 
explained by a reduction in the heat transfer by 
transgranular radiation consequent upon the forma- 
tion, by chemical reaction, of materials relatively 
opaque to heat radiation. 

(6) The apparent thermal conductivity of the 1..ver 
of an exothermic feeding material is lower than those 
of most sands at steel-casting temperatures. 

(7) The apparent thermal conductivity of a plaster 
material, such as that used for insulating feeder heads 
in non-ferrous castings, is very low (about 0-0005 
¢.g.s. units), but it increases quite rapidly with 
temperature beyond about 900° C. 
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P/F, + 0-04 +4:2% 
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APPENDIX 
Discussion of Errors 


For a single determination of the thermal conduc- 
tivity, the three quantities JV/I, r,/r,, and (7';—7’,) 
are determined and the values are substituted in the 
equation 

Is 
IV loge, 


km = (7, = T,) 4-2 X Ont (see p. 202). 
Therefore, the error in k, depends upon the errors 
in the above three quantities. 

Error in IV /l (heat input/sec. per cm.)—The ammeter 
and voltmeter for measuring the power input to the 
heating wire were calibrated to, and sensitive to, 
+ 0-01 amp. and + 0-01 V., respectively. 

Error in (T',-T,)°C.—The e.mf.’s of the Pt- 
1% Rh/Pt-13° Rh thermocouples are measured on a 
Tinsley potentiometer sensitive to 10-° V. Errors 
due to contamination are substantially eliminated, 
since any difference between the thermocouple read- 
ings, before passage of current through the heating 
wire, is subtracted from the final temperature dif- 
ference. Therefore, the error in 7',-7’, is probably 
less than +- 0-25° C., although the error in the actual 
temperatures 7’, and 7’, may be as much as +- 5-10° C. 

Error in r,/r,—The radial distances r, and r, can 
be measured to better than + 0-025 cm. 

The influences of these errors on thermal conduc- 
tivity are shown in Table V. The total maximum 


error in the thermal conductivity is about + 6-5%. 
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The Liquidus = 


HE equilibrium diagram of the system iron—cobalt, 
T shown in Fig. 1, was first established by the work 

of Ruer and Kaneko,! who did not, however, use 
high-purity materials. The diagram in the region 
0-29 at.-°4 cobalt was then studied by Ruer and 
Klesper,? who used very pure electrolytic iron, in 
which the only detected impurities were 0-009% of 
carbon, 0:03% of copper, and 0-001-0-002% of 
sulphur. The work of Ruer and his collaborators was 
confirmed in 1927 by Kasé,* and work by Masumoto,‘ 
Andrew and Nicholson,® Ellis and Greiner,® and Siegel 
and Shull’ has established the diagram at the lower 
temperatures. There is general agreement that at 
these lower temperatures the addition of cobalt to 
iron raises the temperature. of the « = y transition, 
which rises to a maximum at about 50 at.-% cobalt, 
and then falls rapidly. An order-disorder trans- 
formation exists in the equi-atomic region, and has 
been detected by both X-ray and neutron-diffraction 
methods. Andrew and Nicholson® determined the 
5 region with very pure alloys, and their diagram 
placed the y/d peritectic horizontal about 10°C. 
higher than the previously accepted value, whilst all 
the 2-phase regions were wider. This work was not, 
however, very well established, and gave a (y + 
liquid)/liquid boundary that extrapolated into a 
single-phase region, in contradiction of the rules of 
thermodynamics. In view of these conflicting results, 
a complete redetermination of the diagram in the 
5/y region has been made, and is described in the 
present paper. 


EXPERIMENTAL TECHNIQUE 
Materials Used 
The high-purity iron* used in the present research 
was prepared at the National Physical Laboratory by 
methods that have been described by Hopkins, 
Jenkins, and Stone. The metal was analysed at the 
N.P.L., with the following results: 


Element Analysis, Element Analysis, 

wt.-% wt.-% 
Carbon 0-002 Copper 0-005 
Silicon 0-004 Aluminium 0-003 
Manganese <0-005 Oxygen 0-0015 
Sulphur 0-004 Nitrogen 0 -0047 
Phosphorus <0-001 Hydrogen 0-000018 
Nickel 0-012 


The metal was also examined spectroscopically by 
the British Iron and Steel Research Association for 





* Presented by the British Iron and Steel Research 
Association. 
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Solidus Relations 
in the System Iron—Cobalt 


in the Range 0-30 Atomic’/, Cobalt By 
G. B. Harris and W. Hume-Rothery 


SYNOPSIS 


An apparatus is described for the accurate determination of 
liquidus and solidus points of iron alloys by thermal analysis, and 
full details of the experimental] technique are given. The liquidus 
and solidus curves for iron-cobalt alloys have been determined in 
the range 0-31 at.-% cobalt. The system involves a (6 + liquid 
= y) peritectic horizontal at 1499°C. In this region the liquidus 
and solidus curves extrapolate into 2-phase fields, and the thermo- 
dynamic inconsistencies of an earlier diagram are removed. The 
freezing ranges of both 6 and y solid solutions are very narrow in 
this range of composition, and the depression of the freezing point 
and melting point of 6-iron is Jess than in most iron alloys. The 
equilibrium diagram emphasizes the similarity between iron and 
cobalt. 759 


chromium, molybdenum, tungsten, vanadium, tita- 
nium, cobalt, zirconium, tin, and lead, none of which 
could be detected. 

The cobalt for the present research was supplied 
in the form of a rectangular bar sintered from powder. 
It was stated to contain a little free silica but prac- 
tically no metallic impurities, and this was confirmed 
by spectrographic analyses of the alloys after melting. 


Apparatus for Melting and Thermal Analysis 


Work by previous investigators (cf. Gayler®) showed 
that the § > y and y > « transformations in iron-rich 
alloys make it difficult to determine solidus points 
by microscopical examination of quenched specimens. 
In the present work, both liquidus and solidus points 
have been determined by thermal analysis, and, after 
much preliminary work, the following apparatus and 
methods were developed. 

Melting under hydrogen and thermal analysis in 
vacuo were carried out in the platinum resistance 
furnace shown in Fig. 2. The melt is contained in a 
conical crucible, 40 mm. high and 15-26 mm. in 
diameter, which hangs inside a truncated conical ring. 
This ring stands on a cylindrical crucible, which is 
supported in the furnace on a thick-walled tube. Two 
V-shaped slots are cut in the top of the cylindrical 
crucible so that the space between it and the melt 
crucible can be evacuated rapidly. A thin-walled tube 





Paper MG/C/45/53 of the Constitution of Alloys Group 
of the Metal Physics Committee of the British Iron and 
Steel Research Association, received 23rd January, 1953. 
The views expressed are the authors’, and are not 
necessarily endorsed by the Committee as a body. 

The late Mr. Harris was at the Inorganic Chemistry 
Laboratory, Oxford, and Dr. Hume-Rothery is Royal 
Society Warren Research Fellow and Lecturer in Metal- 
lurgical Chemistry in the University of Oxford. 
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stands on the lip of the melt crucible and is closed 
at the top by a lid; another lid of slightly smaller 
diameter is wedged in the mouth of the melt crucible. 
Both lids are provided with central holes for the 
admission of a thermocouple sheath, and a funnel 
stands on the upper lid. In this way, the molten 
metal is almost completely enclosed, evaporation is 
reduced, and temperature gradients are lessened by 
the provision of effective radiation screens. All 
refractory parts except the lids are of sintered-alumina 
tubing, or are made by cutting off the bottoms of 
crucibles. The lids were slip-cast and fired in the 
thermal-analysis furnace. 

The crucible assembly is enclosed in an impervious 
sintered-alumina vacuum tube, closed at both ends 
by water-cooled brass heads, and surrounded in the 
middle by a well-lagged tubular platinum resistance 
furnace, the power for which is supplied through a 
Variac step-down auto-transformer. The temperature 
gradients in the melt are least when the crucible is 
below the centre of the furnace. 

The thermocouple sheaths used are vacuum-tight 
sintered-alumina tubes, 40 cm. long and of 2 mm. 
bore, with walls 1 mm. thick. These are passed through 
the top brass head by the arrangement shown in 
Fig. 2a, and the thermocouple wires can be slid up 
and down the sheath. The brass head contains a 
glass Y-tube provided with two sealed limbs, in which 
filings of the alloy can be held by a magnet and then 
dropped into the melt in two batches immediately 
before the expected liquidus point, so as to prevent 
supercooling. The Y-tube contains a third limb con- 
nected by a tap to a supply of purified hydrogen. 
The sintered-alumina vacuum tube contains three 
discs of nickel foil to act as radiation baffles. 
The bottom of the tube contains the device shown in 
Fig. 2c, by means of which a melt can be removed 
from the furnace and replaced by another while the 
furnace is at 1000° C. Further details of construction 
of the furnace are given in the Appendix, where the 
vacuum system is also described. 

The early work was carried out with Pt/13% Rh-Pt 
thermocouples, but in the later stages use was also 
made of a Pt-2% Rh/Pt-13° Rh thermocouple, which 
was less susceptible to contamination during an 
experiment. 
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Fig. 1—The iron-cobalt diagram (reproduced from 


‘*Metals Handbook ”: 1948, Cleveland, American 
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Fig. 2—Furnace used for thermal analysis: (a) Top head 
assembly; (6) crucible assembly; and (c) bottom 
head assembly 
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Table I 
CHEMICAL ANALYSES OF THE ALLOYS 
Direct Chemical Analyses, 
Synthetic at.-% 
Melt No. Composition, 
at.-% Co 
Iron Cobalt 
FC 1 6:05 93-77 6-18 
FC 2 10-43 89-46 10-49 
FC 4 19-45 80-94 19-01 
FC 5 24-46 75-41 24-54 
FC 6 31-60 69-01 30-94 
FC 7 28-62 70-92 29-03 
FC 8 22-29 77-21 22-74 
FC10 16-86 82-83 17-12 
FCil1 16-48 83-50 16-45 
FC12 8-51 91-38 8-57 
FC13 2-95 96-92 3-02 
FC14 12-55 5 pee 
FC15 12-55 87-57 12-38 
FC17 14-69 86-01 13-94 




















In all melts except FC14 and FC15, a spectrographic analysis 
was made of a portion of the solution obtained by dissolving the ingot. 
The results indicated a high degree of purity, the least pure ingot 
being FC7, for which the spectrographic report was as follows: 


Si Mn Pb 
slight very slight very slight 
~ i a. \rssz.silee as indication 


The apparatus described was devised as the result 
of much experimental work and was used for melts 
F4 and FC 6-FC 17. In the earlier stages of the 
work, several results had to be discarded owing to 
various accidents and defects, such as thermocouple 
contamination, failure of crucibles or vacuum tubes, 
etc. In the course of this preliminary work, accurate 
results were obtained for four alloys, numbered FC 1, 
FC 2, FC 4, and FC 5 in Table II. For conciseness, 
the details of the exact apparatus used for these melts 
are not described, because the apparatus underwent 
many modifications; as far as can be judged, the 
results for melts FC 1-FC 5 are satisfactory. 


Experimental Methods for Thermal Analysis 


The procedure in determinations by thermal 
analysis may be summarized as follows. The furnace 
was first heated to about 900°C., and the crucible 
assembly was placed in the lowest position. The 
system was then evacuated and filled with hydrogen 
at atmospheric pressure for a few minutes, so as to 
reduce oxide films from any metal that had evaporated 
during previous experiments. After evacuation to a 
pressure of 10~4-10-5 mm. of Hg, the crucible 
assembly was slowly raised, and the thermocouple 
sheath was lowered through the holes in the crucible 
lids until it rested on the lumps of cobalt, which were 
always packed on top of the iron in the crucible. This 
operation took about 30 min., during which the 
pressure did not rise above 10-# mm. of Hg. The metal 
was then heated in a vacuum to 1500° C. in about 
3 hr., after which the power input was adjusted so 
that the temperature drifted slowly to 1580°C., 
whilst the system was filled with purified hydrogen 
at atmospheric pressure for about 30 min. During 
this operation, the thermocouple sheath was lowered 
into the melt until it was immersed to a depth of 
about 1 in. 
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The system was then again evacuated, the thermo- 
couple was slid down the sheath, and the power input 
was set so that the furnace cooled through the arrest 
point at about 1-5-3°C./min. A direct cooling curve 
was then taken by standard methods, and, at the 
expected freezing point, the filings from one limb of 
the Y-tube were dropped into the melt. Each melt 
was inoculated with filings from one whose composi- 
tion was nearly the same, and, as only a few milli- 
grammes of filings were used, their effect on the 
composition of the melt was negligible. Under these 
conditions, the freezing arrests were pronounced, and 
lasted for periods of about 15-30 min. Temperature 
gradients in the melt were tested by raising the 
thermocouple by 3 in. in its sheath, as described by 
Hume-Rothery and Reynolds,” and the other pre- 
cautions described by these workers were taken. 

The cooling curve was usually followed down to the 
temperature of the § = _ transformation, after which 
the power input was set to raise the temperature 
slowly, and a heating curve was taken. The rates of 
heating and cooling used were such that, after the 
first solidification, the alloy was maintained at the 
high temperature for at least 30 min. before the time 
of the solidus arrest on the heating curve. The alloy 
was heated until it was completely molten, when the 
thermocouple was withdrawn, and the melt was again 
deoxidized with hydrogen for 30 min., after which a 
second cooling curve and heating curve were taken 
with a different thermocouple. The thermocouple 
sheath was then withdrawn from the crucibie assembly 
and the furnace was cooled at 10-20°C./min. to 
1000° C.; it was then filled with hydrogen, after which 
the crucible was lowered and the furnace was left to 
cool overnight. 


Thermocouple Calibration 


All temperatures recorded are in terms of the new 
International Temperature Scale.11 The Pt/13% 
Rh-Pt thermocouples were first calibrated by taking 
heating and cooling curves against the freezing point 
of pure nickel; observed corrections were then added 
to the e.m.f. values before conversion to temperatures 
with the standard tables of Barber.12 After each 
experiment, the thermocouple was recalibrated against 
the freezing point of nickel. 

The greatest change in calibration during a cooling 
and heating curve experiment was equivalent to 
3°5°C., and the mean value was assumed. The 
greatest error from this source is, therefore, + 1-8° C., 
and is often very much less. This method assumes 
that the correction is independent of temperature over 
a small range, and this assumption is justified by the 
fact that no systematic differences could be detected 
between the series of melts FC 1—FC 5, which were 
made in that order, and the later series FC 7-FC 13, 
in which the order of the compositions was reversed. 

No standard tables exist for the Pt-2% Rh/Pt-13% 
Rh thermocouples, and a calibration table was there- 
fore prepared from the observed e.m.f. at the freezing 
points of gold, nickel, and palladium, using an equation 
of the type H =a-+ b7'+ cT?. 


Composition and Purity of the Alloys 
After each experiment, a complete longitudinal 


JULY, 1953 











JUL 





ermo- 
input 
arrest 
curve 
it. the 
mb of 
| melt 
nposi- 
milli- 
n the 
these 
l, and 
‘ature 
x the 
ed. by 
' pre- 
n. 

0 the 
which 
ature 
tes of 
r the 
t the 
time 
alloy 
n the 
again 
ich a 
aken 
ouple 
mbly 
1. to 
yhich 
ft to 


new 
13% 
king 
oInt 
Ided 
ures 
each 
1inst 


ling 
t to 
The 
Os 
mes 
over 
the 
cted 
vere 
else 
sed. 
3° 

ere- 
Zing 
tion 


inal 


953 


HARRIS AND HUME-ROTHERY: LIQUIDUS = SOLIDUS RELATIONS IN SYSTEM FE-—CO 


section of the ingot was examined microscopically in 
the polished and unetched state, and also after 
electrolytic polishing and etching. Particles of the 
FeO phase could be identified, and their relative 
numbers were estimated by counting the total number 
of particles observed on traversing the section from 
top to bottom, using a 4-mm. objective. The highest 
count was observed on melt FC 13, for which the 
oxygen content was determined as 0-006 wt.-% by 
vacuum-fusion methods. This proportion of oxygen 
would depress the freezing point by about 0-4°C.; 
for most of the ingots, this error is smaller. 

All the alloys were analysed for iron and cobalt by 
direct chemical methods, and spectrographically for 
metallic impurities, with the results shown in Table I. 
The whole of each ingot was dissolved for analysis in 
all except two cases, where one-half was used for 
vacuum fusion. Melt FC 13 contained 0-0015 wt.-% 
of nitrogen and 0-48 ml. of hydrogen per 100 g. of 
alloy. That the methods did not produce macroscopic 
segregation in the ingots was shown by analysing the 
top and bottom halves of one ingot of an iron-nickel 
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alloy, for which the segregation would be expected 
to be greater than for iron-cobalt. The differences 
between the analysed compositions and those deter- 
mined from the weights of metal used were very 
small, and, as slight evaporation took place during 
thermal analysis, the true composition at the arrest 
points has been taken as the mean of the analysed 
and synthetic values; any error resulting from this 
policy is small compared with the errors in tempera- 
ture measurement. 


Tests for Complete Homogenization 

As described below, the freezing ranges of alloys in 
the § region were slightly greater than those calculated 
from the van’t Hoff equation for monatomic solutions. 
The tests described on p. 214 showed that this dis- 
crepancy was not due to temperature gradients in 
the melt, but it might have been caused by insufficient 
homogenization of the ingots after the first solidifica- 
tions. To test this, melt FC14 was treated in the 
usual way, except that after the first cooling curve 
it was annealed at 20° C. below, the solidus for 4 hr., 


Table II 
EXPERIMENTAL RESULTS 















































Temperatures, ° C. 
Melt No. poe ay Thermocouple* Y/§ Transformation 
Liquidus Solidus 
Heating Coolizg 
F4 ane 14 1533-2 1392-0 1388 -0 
I3 1535-0 1391-1 1388-5 
FCl1 6:12 I2 1522-1 1517-1 1431-3 1428-3 
3 1522-8 1518-1 1431-9 1427-6 
FC2 10:46 I2 1515-5 1511-8 1461-0 1461-3 
I3 1516-3 1511-7 1459-7 1456-6 
FC4 19-23 3 1500-3 1489 -2 
FC5 24-50 3 1495-1 1492-4 
FC6 31-27 I2 1488-0 1485-8 
3 1487-4 ve 
FC7 28-83 I2 1490-9 1489 -6 
3 1491-4 1489-8 
FC8 22-51 12 1496-4 1493-9 | 
13 1497-2 1494-6 | 
FC10 16-99 I3 1500-5 1498-4 | 
FCil 16-47 12 1503-0 1499-7 1490-6 | 1488-7 
3 1503-7 1499-9 1480-9 1489-7 
FC12 8-54 I2 1517-4 1514-5 1448-8 1447-2 
3 1519-3 1515-8 1449-4 | 1448-3 
FC13 2-98 I2 1527-8 1525-2 1411-5 | 1412-1 
13 1528-7 1525 -6 1411-6 =| = 1412-3 
FC14 12-46 14 1511-5 1508-4 
FC15 12-46 14 1506-0 
FC17 14-02 I5a 1501-9 1478-4 
* 12 and 14, Pt/13%Rh-Pt; 13 and I5a, Pt-2%Rh/Pt-13%Rh 
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Fig. 3—The 5-region of the iron-cobalt system accord- 
ing to the present investigation 





instead of for 4-1 hr., before the heating curve was 
taken. Melt FC 17 was prepared in hydrogen in a 
H.F. induction furnace, and was cooled fairly rapidly 
by switching off the power. The resulting ingot was 
‘drilled to take the thermocouple sheath, and was then 
annealed at 20° C. below the solidus for 3 hr. in the 
standard apparatus, after which a heating curve was 
taken. The solidus points for these two alloys agreed, 
within the experimental error, with the smooth curve 
through the points obtained by the standard tech- 
nique, from which it may be concluded that the 
homogenization produced by the latter was sufficient. 


EXPERIMENTAL RESULTS AND ACCURACY 
OBTAINED 

The results of the experiments are given in Table IT. 
The liquidus points were taken from the arrests on 
cooling curves, since these were pronounced, and could 
be located to within + 0-25° C. They were, in general, 
confirmed by the end points of the arrests on heating 
curves, but these were less definite, and involved an 
uncertainty of + 24° C. in the different experiments. 
The end points of the arrests on cooling curves were 
less marked, and their location involved uncertainties 
of + 2-5° C. The solidus points were, therefore, taken 
from the arrests on heating curves and could be 
located to within + 0-5-1-0°C. in the different 
experiments. As explained above, the thermocouples 
were calibrated before and after each experiment,* 





* For melts FC4 and FC5, the thermocouples were 
only calibrated before FC4 and after FC5. 
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and, taking into account the errors involved in the 
calibrations, the points for the liquidus should be 
consistent among themselves to within + 2° C., whilst 
the probable accuracy is greater than this. As will 
be seen from Fig. 3, a smooth curve can be drawn 
that does not differ from any one liquidus point by 
more than 1° C., and the smooth curve itself should 
be suitable for theoretical examination to within 
about + 1°C., subject to the qualifications mentioned 
below. For the solidus, the errors are probably about 
double those for the liquidus, except in the region 
of the peritectic horizontal, where the peritectic 
reaction did not always go to completion on cooling, 
and some of the solidus points were 2-4° C. too low, 
owing to incomplete homogenization. 

The absolute accuracy of the curves is less easy 
to assess, and depends on the uncertainties in 
pyrometry and the effects of impurities. For 
the pyrometry, the accuracy depends on the purity 
of the nickel and palladium used for the thermo- 
couple calibrations, and it is unlikely that an 
error of more than 1°C. has been introduced from 
this cause. On the assumption that all the impurities 
present in the original iron exist in the monatomic 
state, calculations show that the freezing point of 
pure iron would be lowered by 0-96°C., and the 
actual lowering is likely to be slightly greater than 
1°C. To a first approximation, the liquidus curve 
for pure iron-rich alloys may be regarded as about 
2° C. higher than the experimental curve, whilst to 
a higher degree of accuracy the difference will probably 
become less as the percentage of cobalt increases. The 
solidus curve for pure iron—cobalt alloys is probably 
1-2° C. higher than the present experimental curve, 
but it is not possible to estimate this difference 
accurately. 

The results obtained in the present work are shown 
in Fig. 3, in which each liquidus point is indicated 
by an inverted triangle, whose lowest point represents 
the exact temperature. Each solidus point is shown 
by a triangle, whose apex indicates the temperature 
concerned. 


DISCUSSION 


In Fig. 3, the liquidus curve falls smoothly from 
the melting point of iron (1534° C.) to the temperature 
of the y = 5 peritectic horizontal (1499° C.), where 
an abrupt change in direction occurs, corresponding 
to the reaction 

Liquid (19-5 at.-% Co) + solid & (16-5 at.-% Co 
= solid y (18-3 at.-% Co). 
On extrapolation through the peritectic horizontal, 
both branches of the liquidus pass into 2-phase 
regions, and the thermodynamic inconsistency of the 
diagram of Andrew and Nicholson® is thus removed. 

In the § region, the liquidus and solidus are remark- 
ably close together, and the freezing ranges at 5 and 
15 at.-°4 Co are only 4-5° and 6-5°C., respectively. 
The experimental points suggest a slight bulge in the 
§-solidus curve at about 11 at.-°%% Co, but this is 
within the limits of + 2°C. for the solidus points, 
and is probably without significance. The lattice- 
spacing/composition curve for the solid solution of 
cobalt in «-iron shows a marked change in direction 
at about 20 at.-% Co,® but this is at too high a 
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concentration to be correlated with possible inflexion 
in the solidus curve. The initial depression of the 
solidus curve is greater than would be expected from 
the simple van’t Hoff equation for simple monatomic 
solutions in both solid and liquid phases. In the 
range 0-10 at.-°% Co, the difference is about 1-3° C., 
and the authors think this must be regarded as within 
the limits of experimental error (+ 1°C. for the 
liquidus and + 2° C. for the solidus arrests), particu- 
larly since the difference is in the direction to be 
expected from any slight contamination or lack of 
uniformity in the composition of the ingots. 

In the y region, the solidus and liquidus are very 
close together, and the freezing range does not exceed 
4° C. in the alloys examined. The § =+y transforma- 
tion also takes place over a very narrow range of 
temperature, and, except in the immediate region of 
the peritectic horizontal, the arrests resembled those 
for a pure metal. The diagram serves to emphasize 
the extreme similarity between iron and cobalt, and 
the depression of liquidus and solidus curves are 
smaller than in most other binary alloys of iron. It 
may be noted that extrapolation of the liquidus curve 
for the y-phase suggests that the freezing point of a 
hypothetical pure y-iron would lie between 1510° and 
1515° C., in agreement with previous estimates, but 
such extrapolation may reasonably be criticized, 
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APPENDIX 
Construction of Furnace for Thermal Analysis 


The tubular platinum resistance furnace used for 
thermal analysis has a tube 375 mm. long and 50 mm. 
in internal diameter. The crucible assembly is con- 
tained in a 700-mm. long sintered-alumina vacuum 
tube of 37-mm. bore and 5-mm. wall-thickness. 
These tubes are vacuum-tight at 1580° C., but slowly 
collapse to an elliptical shape, and an effective life 
of 10-20 hr. at 1500-1600°C. under vacuum is 
obtained. The thermocouple wires are contained in 
a vacuum-tight sintered-alumina sheath, and the 
arrangement (see Fig. 2a) is such that the thermo- 
couple can be kept outside the furnace and inserted 
only when temperature measurements are required. 
The sheath can be raised or lowered over 75-100 mm. 
by the arrangement shown in Fig. 2a. The sheath A 
is sealed with Apiezon W wax inside a glass tube B, 
which slides up and down in a vacuum-tight seal, 
made by compressing an O-ring C between a cover 
plate and a bevelled seating in the water-cooled top 
head closing the vacuum tube, When lubricated with 
Apiezon DL grease, the tube B slides freely without 
causing leaks into the vacuum, and in this way the 
thermocouple sheath can be lowered into or removed 
from the molten alloy. 

The sintered-alumina inoculation tube D extends 
from the water-cooled top head to the funnel at the 
top of the crucible assembly, and is closed at the top 
by a sealed glass Y-tube. The two tubes are joined 
by a modified petrol-pipe union, in which a vacuum- 
tight seal is made with two Neoprene O-rings. The 
filings in the Y-tube are held in place by the poles of 
a horseshoe magnet hung on the tube. When released, 
most of the filings fall on to the top lid of the crucible 
assembly, but a few pass through the holes and enter 
the melt. 

The crucible assembly is supported in the furnace 
as shown in Figs. 2b and c. The sintered-alumina tube 
supporting the assembly stands on a steel block £ 
at the end of a plunger 12 in. long. ‘This passes 
through the sliding seal shown in detail in Fig. 2c. 
The bottom end of the sintered-alumina vacuum tube 
is sealed with Apiezon W wax to a water-cooled brass 
collar G, to which is attached the brass extension 
tube H. The seal closing this tube consists of a 
screw cap J compressing the two Neoprene O-rings J, 
which seals the block K to the tube, and L, which seals 
the steel plunger into the hole through the block. 
When lubricated with Apiezon L grease, the plunger 
slides freely without breaking the vacuum. 

Figure 2 shows the position of the plunger when 
the crucible is in the furnace. With the plunger in its 
lowest position, the crucible is just outside the mouth 
of the furnace, and is at about 200°C. when the 
furnace is at 1000°C. In this way, the crucible can 
be removed and a new crucible inserted without the 
long delays involved in cooling the furnace. The 
furnace is evacuated through a l-in. bore side-tube 
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using a conventional system of an_ oil-diffusion 
pump backed by a one-stage rotary pump. By a 
suitable arrangement of valves, the furnace can be 
filled with purified hydrogen at atmospheric pressure, 
and again evacuated without switching off the 
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diffusion pump. The hydrogen is admitted through 
the side-tube NV in the Y-tube, and emerges at the 
top of the crucible assembly, so that gases evolved 
from the refractories are removed as effectively as 
possible. 





Correspondence on the Paper— 


TRANSGRANULAR STRESS CORROSION IN CHROMIUM-— 


NICKEL STAINLESS STEELS* 


Mr. M. A. Scheil (A. O. Smith Corporation) wrote: 
The U-loop specimens used by Dr. Edeleanu were 
finished by grinding and then bent. Our experience has 
been that cold work caused by grinding of the surface 
layers can initiate stress-corrosion cracking, and we 
gave an example of this in 1944.f 

In the tests on the effect of magnesium chloride 
concentration on time to failure (p. 143) it would be 
helpful if the purity of the magnesium chloride could be 
given. We have found considerable differences between 
A.C.S. and U.S.P. compared with commercial grade. For 
example, 40-50 lb. of commercial MgCl, in a stainless 
steel container had been exposed to the air for several 
years, and a heavy syrup had formed. Some of this 
liquid was boiled until it reached a constant boiling point 
of 309° F. (42% MgCl.), and samples of cold-worked 
tubing tested in this solution did not crack but showed 
pronounced pitting. Duplicate tests again showed no 
cracking up to 300 hr. Similar cold-worked specimens 
tested in U.S.P. grade MgCl,, however, showed cracking 
in about 25 hr. 

Dr. Edeleanu seems to believe that stress-corrosion 
cracking is electrochemical in nature. We do not think 
this is so, at least for stainless steel alloys. For instance, 
we have not had much success in preventing cracking 
by applying cathodic protection to these steels, nor 
(unlike Dr. Edeleanu) in coupling stainless steel to carbon 
steel. It would be interesting to determine whether the 
coupling of 18/8 steels to plain 18% Cr steels would be 
effective in a strong caustic solution. 

We have been investigating the effect of the nickel 
content of Ni-Cr alloys, and believe that stress-corrosion 
cracking is almost completely inhibited if nickel contents 
of 45% or more are used. For example, Inconel (70% 
Ni) and Hastelloy Alloy F (45% Ni, 22% Cr, 6% Mo 
and 1% Cb, 3-4% Ta) are practically free from trans- 
granular cracking in most of our test solutions, whereas 
Carpenter 20 (30% Ni, 20% Cr, and 3% Mo, 3% Cu, 
1% Cb) cracks readily in most chloride solutions. None 
of the steels tested by Dr. Edeleanu contains more than 
25% of Ni, and we believe that this is not sufficient to 
provide freedom from stress-corrosion cracking. 

AUTHOR’S REPLY 

Dr. C. Edeleanu wrote in reply: Mr. Scheil is correct 
in pointing out the effects that can result from grinding, 
but the specimens referred to in my paper were given 
the softening treatment after cutting and before bending. 

It is difficult to say why the magnesium chloride that 
had been stored for some years under unsatisfactory 





* J. Iron Steel Inst., 1953, vol. 173, pp. 140-146. 

7 M. A. Scheil, Symposium on Stress-Corrosion Crack- 
ing of Metals (1944), pp. 395-410, 425-436: 1945, York, 
Pa., American Society for Testing Materials and Ameri- 
can Institute of Mining and Metallurgical Engineers. 
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conditions proved ineffective. It seems possible that 
a great deal of carbonate may have been present, and 
many other substances may have found their way into 
the container. In our experience, tests in AnalaR 
magnesium chloride give results similar to those of tests 
in ‘ recrystallized ’ magnesium chloride, which was used 
throughout the work described in my paper. The exact 
analysis of each batch of chloride was not known, but 
tests on known steels were and are being carried out in 
each new batch. So far, only one batch out of several 
dozen has behaved strangely, and the results obtained 
with it were discarded. I agree that it would be interest- 
ing to carry out a more comprehensive study of the effect 
of impurities. 

I have repeated some of the tests on cathodic protec- 
tion and am convinced that it does work. In many cases, 
however, it is not a practical proposition, and for other 
reasons also cathodic protection should not, in general, 
be applied to stainless steels.~ I have had little direct 
experience of caustic solutions, but the electrochemistry 
of the process is certainly different from that in the 
present case. Any corrosion process involving the pro- 
duction of ions must be ‘ electrochemical,’ but I agree 
that our knowledge of the electrochemistry of stainless 
steel electrodes is far from satisfactory and that some- 
times it is difficult to apply simple text-book electro- 
chemistry to such systems. 

I agree with Mr. Scheil that it is unlikely that a steel 
with a moderate alloy content will be fully resistant to 
this type of stress corrosion. For most purposes, how- 
ever, I do not think it is necessary to use alloys as 
expensive as those he has suggested, since stress corrosion 
is a fairly infrequent type of failure (although a consider- 
able tonnage of 18/8 type steels is used under conditions 
which could be expected to cause it). In a high pro- 
portion ofservice failures the steel is found to be unusually 
susceptible to the martensitic transformation, and I feel 
that in these cases a considerable improvement might 
have been effected by small changes in the composition 
balance. 

Since preparing the paper, many steels have been 
tested using an improved technique. Tensile specimens 
are now stressed by direct tension, and the time to failure 
is recorded automatically. These experiments have con- 
firmed the previous work in most respects, but they have 
also shown that the partly martensitic steels (e.g., 18% 
Cr, 6-7 -5% Ni) can be very susceptible to stress corrosion 
under some circumstances. 

The superiority of the Hastelloys in this respect must 
be admitted, but it seems doubtful whether their cost 
could be justified in most cases in which stress corrosion 
is only a slight possibility. 





tI. D. G. Berwick and U. R. Evans, J. Appl. Chem., 
1952, vol. 2, p. 578. 
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ANNUAL GENERAL MEETING, 1953 


THE Ercuty-FourtH ANNUAL GENERAL MEETING OF THE IRON AND STEEL INSTITUTE 
was held in London on Thursday, 30th April, and Friday, Ist May, 1953, at the Offices of 


the Institute, 4 Grosvenor Gardens, S.W.1. 


Captain H. Lercuton Davies, C.B.E., the 


Retiring President, was in the Chair at the beginning of the Meeting, and later his place 
was taken by Mr. JAmes MitcHe.t, C.B.E., the new President. 

Sessions were held at 9.45 a.m. and 2.30 p.m. on Thursday and at 10 a.m. and 2.30 P.M. 
on Friday, a buffet luncheon being provided on both days in the Library of the Institute. 
On the Thursday evening a Members’ Dinner was held at Grosvenor House, Park Lane. 

The minutes of the previous meeting were taken as read, confirmed, and signed. 


The President (Captain H. Leighton Davies, C.B.E.) 
welcomed the Members and visitors. They included : Mr. 
George Rose, Secretary of the American Iron and Steel 
Institute; Mr. W. Eisenman, Secretary of the American 
Society for Metals; Mr. Howard Biers, representing the 
American Institute of Mining and Metallurgical Engi- 
neers; Mr. Evert Wijkander and Mr. E. G. Frisell, 
President and Director, respectively, of Jernkontoret; 
Mr. E. L. Dupuy, Honorary Secretary of the Société 
Frangaise de Métallurgie; Professor Dr. H. Schenck and 
Mr. K. P. Harten, President and Director, respectively, 
of the Verein deutscher Eisenhiittenleute; and Dr. H. 
Hauttmann, representing the Eisenhtitte Oesterreich. 

He went on to speak of the success of the meeting 
held the previous day on boron in steel, which was 
arranged at the suggestion of the Ministry of Supply, 
acting in conjunction with the Organization for European 
Economic Co-operation, and expressed the thanks of the 
Institute to the officials of the Ministry of Supply and 
the Mutual Security Agency for their help in arranging 
the meeting. 

It seemed probable that the American [ron and Steel 
Institute, the American Institute of Mining and Metal- 
lurgical Engineers, and the American Society for Metals 
would accept the Institute’s proposal to hold a meeting 
in Europe, probably in June, 1955. The official representa- 
tives of the French, German, and Swedish Institutes had 
joined the Institute of Metals and the Institute in 
fostering this proposal, and a European Organizing 


Committee had been formed to work out the details of 


the meeting. 

It had been decided during the past year to appoint 
a President-Elect, so as to enable the new President to 
rearrange his duties for the year. The Council had invited 
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the Hon. R. G. Lyttelton to become President-Elect, to 
follow Mr. Mitchell as President at the Annual General 
Meeting in 1954, and Mr. Lyttelton had accepted the 
invitation. 

The lease of the offices of the Institute was due to 
expire and a further lease had been obtained for 60 years. 
The substantial capital sum needed had been obtained 
as a result of an appeal to the principal firms in the 
British steel industry. The response to this appeal had 
been very gratifying. 


PRESENTATION OF REPORT OF COUNCIL 

AND STATEMENT OF ACCOUNTS FOR 1952 

The President then presented the Report of Council 
and Statement of Accounts for 1952, published in the 
April issue of the Journal, and moved their adoption. 

The Hon. Treasurer (Mr. W. Barr), who seconded the 
motion, said that the total of the Accumulated Fund, 
the Entrance Fee Reserve, the Life Composition Fund, 
and sundry provisions had increased from £40,930 on 
3lst December, 1951, to £43,560 on 3lst December, 1952. 
The income for the year to 3lst December, 1952, was 
£69,540, an increase of £4854 over the figure for 1951, 
largely owing to an increase in receipts from advertise- 
ments in the Journal and Journal sales. The ordinary 
expenditure increased from £61,180 to £66,213, and the 
total expenditure, after including non-recurring items, 
from £63,968 to £67,111. This increase was largely due 
to the increased cost of printing the Journal. 

The excess of income over expenditure, carried to the 
Balance Sheet, was £2429, compared with £718 for the 
previous year. The credit for this was due to his pre- 
decessor, Mr. Mitchell. 
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The amount transferred from the Publications Account 
to the Income and Expenditure Account was £17,105, 
compared with £14,438 the previous year. The Trust 
Funds all showed an income that exceeded the expendi- 
ture. 

The fact that the revenue from advertisements was 
very much more than that obtained as subscriptions from 
the members emphasized the need for an increase in 
membership. Every member of the Institute should do 
his best to bring in one additional member. 

The motion was carried unanimously. 


PRESENTATIONS 
The President then made the following presentations: 


The Bessemer Medal for 1953 to Mr. R. Mather, Past 
President, of the Skinningrove Iron Company, Ltd., in 
recognition of his distinguished services to The Iron and 
Steel Institute and to the industry. 


The Sir Robert Hadfield Medal for 1953 to Mr. W. E. 
Bardgett, of the United Steel Companies, Ltd., in 
recognition of his contribution to the development of 
alloy steels, with particular reference to steels for service 
at elevated temperatures. 


The Andrew Carnegie Silver Medal for 1952 to Dr. E. 
T. Turkdogan, of the British Iron and Steel Research 
Association, for his research on slag/metal reactions, 
reported in papers (written in collaboration with Dr. 
W. R. Maddocks, of Sheffield University, where the 
research was carried out) on ‘‘ The Effect of Sodium Oxide 
Additions to Steelmaking Slags, Parts I and II,” 
published in the Journal for July, 1949, and June, 1952, 
and ‘‘ Phase Equilibrium Investigation of the Na,O- 
P,O;-SiO, Ternary System,” published in the Journal 
for September, 1952. 


The Ablett Prize for 1952 (value £100) jointly (£50 
each) to Dr. 8. A. Burke and Mr. G. A. Sparham (British 
Coal Utilisation Research Association) for their paper 
on ‘‘ Application of Automatic Control to the Coal Feed 
of Steelworks Gas Producers,” published in the Journal 
for November, 1952. 


No award of The Williams Prize for 1952 was made. 


ANNOUNCEMENTS 


The Secretary (Mr. K. Headlam-Morley) made the 
following announcements: 


Changes on the Council since the last General Meeting, 
in November, 1952: 


Honorary Members of Council during their periods of 
office: 

Professor F. C. Thompson, President of the Institute 
of Metals, in place of Dr. C. J. Smithells. 

Mr. W. B. Wragge, President of the Manchester 
Metallurgical Society, in place of Mr. H. Allison. 

Mr. H. Hicks, President of the Sheffield Metallurgical 
Association, in place of Mr. E. W. Colbeck. 

Mr. A. W. Shore, President of the Staffordshire Iron 
and Steel Institute, in place of Mr. W. Regan. 

Mr. A. McKendrick, President of the West of Scotland 
Iron and Steel Institute, in place of Professor R. Hay. 


Retiring Members of Council—In accordance with 
Bye-law 10, the names of the following Vice-Presidents 
and Members of Council had been announced at the 
Autumn Meeting, 1952, as being due to retire at the 
present Annual Meeting: 
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Vice- Presidents: Mr. G. Steel, the Hon. R. G. Lyttelton, 
and Mr. I. F. L. Elliot. 


Members of Council: Mr. D. F. Campbell, Mr. G. H. 
Johnson, Mr. D. A. Oliver, Dr. C. Sykes, F.R.S., and 
Mr. W. Barr. 

No other members having been nominated up to one 
month previous to the present meeting, the retiring 
Vice-Presidents and Members of Council were presented 
for re-election and declared by the President to be duly 
re-elected. 


Future Meetings—A special meeting would be held in 
Holland, at the invitation of Mr. A. H. Ingen Housz, 
of the Royal Dutch Iron and Steel Works (‘“‘ Hoogovens’’), 
from 30th September to 6th October, 1953. A circular 
would be issued in due course. 

The Autumn General Meeting would be held in London 
on 25th and 26th November, 1953. 

In 1954 the Annual General Meeting would be held 
in London on 26th and 27th May, with the Members’ 
Dinner on Wednesday, 26th May. 

An invitation from Jernkontoret to hold a meeting 
in Sweden had been accepted. The provisional date 
was from Saturday, 5th June, for about a fortnight. 


BALLOT FOR THE ELECTION OF MEMBERS 


Mr. J. Gibson and Mr. T, M. Service, who had been 
appointed scrutineers of the ballot, reported that the 
following candidates had been duly elected: 


MEMBERS 


Alexander, William Edwin (Sheffield); Allan, John Hope, 
B.Sc. (Eng.Met.), A.I.M. (Sheffield); Aramburu-Diaz, Marcelo, 
M.Sc. (Condesa, Mexico); Arwidson, Sven (Bofors, Sweden); 
Auld, John (Middlesbrough); Baenziger, Armin (London); 
Baker, Charles Joseph (Willenhall); Baker, Richard George, 
B.Eng. (Doncaster); Bamford, William Maxwell (Rotherham); 
Barclay, Norman, A.M.I.Mech.E. (Motherwell); Batch, Arthur 
(Middlesbrough); Batty, Frederick Allen (Middlesbrough); 
Berg, Henning, B.Sc. (Copenhagen, Denmark); Bird, Thomas 
Andrew (Gateshead); Blackburn, Albert (Newport, Mon.); 
Bligh, Ernest W. (Boreham Wood); Booth, Edward Harris, 
A.I.M. (Sheffield); Boulby, John Charles, A.Met. (Corby); 
Bousmanne, Lucien (Ougrée, Belgium); Boys, Sydney J. H., 
L.I.M. (Bilston); Brampton, Edward Charles (Sheffield); 
Bridges, Eric Hardy, L.I.M. (Billingham); Brooks, Clive 
Hemmingway (Sheffield); Buch, Hermann (Dahlbruch Kreis 
Siegen/Westfalen, Germany); Bull, James Reginald Ashworth 
(Sheffield); Bullough, William, B.Se., A.R.I.C. (Swansea); 
Burns, Rex, A.M.I.E.E. (Newport, Mon.); Butterley, Albert 
Samuel (London); Byam-Grounds, John Sutton (Wolverhamp- 
ton); Calvo, Felipe Angel Calvo (Madrid, Spain); Charlesworth, 
Kenneth (Sheffield); Chippindale, Tom, A.M.I.Mech.E., 
M.Inst.F. (London); Clark, Roy Herbert (Congleton); Clark, 
Victor William Charles (Newport, Mon.); Coates, George 
Christopher (Newport, Mon.); Colley, Thomas Warneford 
(Middlesbrough); Concannon, William, L.I.M. (Rotherham); 
Cook, Ralph Wallace (Llanelly); Coulton, Frank, A.M.I.Mech.E. 
(Derby); Crussard, Charles (St. Germain-en-Laye, France); 
Das, M. (Burnpur, India); Davies, Herbert Charles, A.M.I. 
Mech.E. (Brierley Hill); Davies, Hubert Victor, M.A. (Lon- 
don); Davies, Osborn Charles (Lydney); Davies, Ronald 
(Sheffield); Davison, Thomas (Motherwell); Desfossez, Paul 
(Dilling-Sarre); Dobie, William Somerville (Scunthorpe); 
Draycott, Harry H. (Sheffield); Duke, Ralph, A.I.Mech.E. 
(Sheffield); Elliott, Reginald (Scunthorpe); Emmerson, Thomas, 
Ph.D., B.Se., A.Inst.P. (Wolverhampton); Evans, Lionel Ray- 
mond, M.I.Mech.E., M.{.Prod.E. (Sheffield); Fairholme, Ian 
William Forbes (Manchester); Frenkel, Constantin (London); 
Gailer, Robert (Corby); Gardner, Lucien Ernest, A.Met., 
A.I.M. (Sheffield); Gledhill, Frederick George, B.Sc., A.M.I. 
Mech.E., A.M.I.E.E. (London); Hall, William (Sheffield); 
Hammond, James (Sheffield); Hann, Kenneth Graeme, B.A., 
A.M.I.Mech.E. (Bridgwater); Harby, Arthur James, O.B.E., 
D.S.O., B.A. (Port Talbot); Hargreaves, Arthur Leslie (New- 
port, Mon.); Harvey, Victor Harold (London); Hawke, William 


JULY, 1953 











telton, 


Gt. 


., and 


to one 
etiring 
sented 
e duly 


eld in 
Lousz, 
ons ”’), 
rcular 


yndon 


_ held 
bers’ 


eting 
date 
ht. 


RS 


been 
, the 





REPORT OF THE ANNUAL GENERAL MEETING, 1953 


Donald (Rotherham); Hawkins, Thornton H., M.Sc. (Shef- 
field); Hayter, C. H. (Sheffield); Henderson, Miss M. I., M.A. 
(Southampton); Herzog, Dr. Eugene (Pompey, France); Hills, 
Ronald Frederick (West Drayton); Hoare, David, G.I.Mech.E. 
(London); Horner, Arthur (Darlington); Howden, Ian Arvid, 
B.Se. (Newcastle-on-Tyne); Hughes, David John (Llanelly); 
Hulley, Reginald, A.Met. (Sheffield); Humphreys, Harold 
(Middlesbrough); Husband, George, A.M.I.Mech.E. (Thornaby- 
on-Tees); Jacques, Wilfred William (Corby); Jenkins, Howell 
Lewis (Llanelly); Jenkins, Trevor (Cardiff); Jenkins, Walter 
Norman, B.Sc. (London); Johnson, Richard Noel, A.M.I. 
Mech.E. (Woking); Jones, Garnet Everard (Llanelly); Jones, 
Gordon Pearce, B.Sc. (London); Jones, Harold Courtney 
(Swansea); Jones, Harold Goulbourne, M.A., M.Sc. (Port 
Talbot); Jones, John (Newport, Mon.); Jones, Leonard 
Arthur, B.Sc.(Eng.) (Port Talbot); Joseph, Alfred Jeffreys 
(Newport, Mon.); Keller, John Donald, B.Sec., M.E. (Pitts- 
burgh, Pa., U.S.A.); Kerr, Samuel Vallance, B.Sc., A.R.T.C. 
(Glasgow); Kilpatrick, James B. (Port Talbot); King, Albert 
Edward (Cardiff); Knight, G. Malyn, M.A. (London); Knight, 
Major Henry Ernest, M.I.E.E. (Corby); Knight, John H. 
(London); Knuth-Winterfeldt, Eggert, Dr.Techn. (Copen- 
hagen, Denmark); Laycock, Michael Trueman (Sheffield); 
Lee, Morgan Hamilton (Swansea); Lees, John (Sheffield); 
Lefebvre, Georges Jean (Charleroi, Belgium); Leslie, William 
Christie, A.M.I.Mech.E. (Bilston); Levesley, Brigadier Arthur, 
O.B.E., M.C., T.D., M.I.Mech.E. (Sheffield); Levick, Spencer 
Swift (Sheffield); Lewis, Arwyn Sulgwyn (Llangennech); 
Lewis, Gwynder Eudaf (Llangennech); Leyshon, Thomas 
Ronald (Swansea); Liégeois, Gaston (Rehon, France); Lilleker 
William (Rotherham); Llewellyn, Peter John, A.M.I.Mech.E. 
(Middlesbrough); Logomerac, Vladimir G., Dipl. ing. (Sisak, 
Yugoslavia); Lozano, Eduardo Pyles (Sao Paulo, Brazil); 
McCarthy, Dennis Brian, B.Sc. (Port Talbot); McLennan, 
John Ewan, L.I.M. (Teddington); McMurdo, Alexander, B.Sc. 
(London); McNeil, John, A.R.T.C., F.I.M. (Bombay, India); 
Mann, Alfred John (London); Mann, William Leonard 
(Corby); Markland, Stanley Gordon (Newport, Mon.); Marsh, 
Philip Wilson, M.A. (Sheffield); Martin, William John Grove 
(Port Talbot); Marton, Stephen, B.Met. (Chesterfield); 
Matthews, Alfred John (London); May, Jack Twell (Sheffield); 
Meacock, Donald (Swansea); Meggitt, Eric (Manchester); 
Mellor, George Fred (Manchester); Menon, P. N. K. (New 
Delhi, India); Meyer, Frank (Dudelange, Luxembourg); Miles, 
David Lanfyr (Port Talbot); Millington, Geoffrey (Pontypool); 
Mineur, Jules (Monceau-sur-Sambre, Belgium); Mitcalfe, 
John Stanley, B.A. (Newcastle-on-Tyne); Moffat, James 
Smith (London); Morgan, Herbert Dickson (Port Talbot); 
Morrison, James Forman (Corby); Morton, Henry, A.M.I. 
Mech.E. (Sheffield); Mullins, James Edgar, B.Eng. (Bebing- 
ton); Murthy, Hiremagalur Puranik Sriniva, B.Sc. (Jamshed- 
pur, India); Neumann, Reginald, B.Sc. (Nottingham); Newton, 
Frederick William, A.M.I.E.E. (Sheffield); Nichols, Robert 
John (Corby); Oldale, Harry, B.Met. (Corby); Olmer, P.(Nancy, 
France); Orchard, Henry George (Newport, Mon.); Owen, 
William Ronald (Greenford); Parker, Arthur John Kingston, 
A.I.E.E. (London); Parson, George Smith (Birmingham); 
Pearson, Alec (Sheffield); Pearson, Frederick (Middlesbrough); 
Pease, Thomas William, A.Met., A.I.M. (Sheffield); Peck, 
Philip Elworthy, B.Sc.(Eng.), A.M.I.E.E. (Rugby); Pepper, 
Edward L., S.B.(Met.) (Cambridge, Mass., U.S.A.); Perry, 
Frederick Stanley (Sheffield); Phillips, A. H. P. (Llanelly); 
Pickering, Frederick Brian, A.Met., A.I.M. (Rotherham); 
Pickton, John Henry (Warrington); Pinheiro, Vitor Pinto 
(Lisbon, Portugal); Place, James Alfred, B.Sc., A.Inst.P. 
(Sheffield); Poole, Jeffrey (Port Talbot); Powell, Leslie 
(Llanelly); Pritchard, Arthur Bowyer (London); Pugh, Lionel 
Roger Price (Cardiff); Randell, David Martin Eden (Swansea); 
Reece, Thomas Henry (London); Richardson, H. T., B.Sc. 
(Eng.) (Hons. Met.) (Barnsley); Rigby, A. (Birmingham); 
Roberts, David Nelson, B.Eng., A.M.I.E.E. (Sheffield); 
Robertson, Albert Alfred Charles, A.M.I.Mech.E. (London); 
Roe, Wilfred G. H. (Corby); Rogers, Wilfred (Swansea); Rose, 
Frederick (Croydon); Rupp, Carl Heinz (Karlsruhe, Germany); 
Rylands, Peter Kirkland (Warrington); Sanyal, Bimal Kumar 
(Kharagpur, West Bengal, India); Savas, John, B.S.Met. 
(Detroit, Mich., U.S.A.); Scanlan, Frederick, B.Sc. (Man- 
chester); Scherer, Robert, Dr.-Ing. (Krefeld, Germany); 
Scratchley, Peter John (London); Seabrook, Charles, A.M.I. 
Mech.E. (London); Sealey, Edmund (Birmingham); Sen, H. 
(New Delhi, India); Sen, Pranab Kumar, B.E. (Burnpur, 
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India); Senior, Dennis Allen (Sheffield); Shepherd, Albert 
Edward (Newport, Mon.); Sherston-Baker, Sir Humphrey, 
Bt., B.A. (London); Simpson, Anthony V. (Middlesbrough); 
Slade, Robert Henry (Port Talbot); Slater, E. C. (Port Talbot); 
Smellie, Thomas Thomson (Wishaw); Smith, James Ley- 
bourne, A.I.M. (Gateshead); Smith, Nelson (Pontypool); 
Soliman, Sanaa Mohammed, B.Sc. (Cairo, Egypt); Spencer, 
Henry Francis (London); Stagg, Rawson Frank (Sheffield); 
Stamford, Martyn Sidney, B.Sc.(Eng.) (London); Staton, Row- 
land, A.Met. (Sheffield); Steghart, Fritz (London); Stephens, 
John Vivian (Ebbw Vale); Stevens, R. Y. (London); Stock, 
Lewis Gwyn (Ebbw Vale); Stock, Sydney Howard (Ebbw 
Vale); Swift, Walter Alec Charlie, B.Sc.(Eng.), A.I.M. (New- 
castle-on-Tyne); Taylor, Alan W., B.Sc., A.I.M. (Cardiff); 
Teague, Bernard Charles (Birmingham); Thomas, Samuel 
Owen Llyfni (Port Talbot); Thomas, William John (Llanelly); 
Thornton, Denis Raymond, B.Sc. (Sheffield); Thornton, Philip 
Challis, A.I.M. (Ilford); Treby, William Cullinan (London); 
Trethewey, Denys (Newport, Mon.); Tufnail, Howard Ray- 
mond, B.Sc. (Port Talbot); Turner, Samuel Baron (Sheffield); 
Ungoed, William Powell Cyril, A.I.E.E. (Port Talbot); Van- 
stone, Aubrey George (Swansea); Walden, John Francis 
(London); Walker, Ian Grey Frederick (Coventry); Walmsley, 
Robert Geoffrey (Manchester); Walton, Douglas Frederic 
(Sheffield); Ward, Phillip Treharne (Sheffield); Waugh, Percy 
William (Kings Lynn); Weldon, James W. (Kansas City, Mo., 
U.S.A.); Williams, Aneurin (Newport, Mon.); Williams, 
Harold, B.Se., A.M.I.E.E. (Manchester); Wilson, Frederick 
Arnold (London); Wilson, William Henry (Billingham); 
Winning, Herbert, B.Sc., D.R.T.C., A.R.I.C. (Greenock); 
Withers, Peter (Darlaston); Wood, George, A.Met., A.I.M. 
(Sheffield); Wood, George Stuart (Sheffield); Woodcock, 
Francis Stanley, M.Inst.C.E., M.I.Mech.E. (Bilston); Wood- 
cock, Richard, M.C. (Kettering). 


ASSOCIATE MEMBERS 


Abson, Roy (Sheffield); Adamson, Fred (Scunthorpe); Al- 
Samarrai, Shakir Haj Khalaf (Swansea); Appleton, Arthur 
Stanley (Liverpool); Barrott, Robert H. (Sheffield); Bowen, 
Arthur Neil (Middlesbrough); Brown, Darryl Anthony 
(Cambridge); Callaghan, John (Liverpool); Carter, Donald 
George (Newport, Mon.); Cox, Gordon John (Birmingham); 
Davies, Peter Malcolm (Swansea); Dudley, John James 
(Wolverhampton); Edmondson, Bryan, B.Sc. (Birmingham); 
Emmerson, Leslie Gordon (Bilston); Evans, John L. (Sheffield); 
Eyre, John William (Rotherham); Fisher, Raymond John 
(Bilston); Fletcher, Harry Olwyn (Bilston); Forster, George 
Graham (Workington); Furmidge, J. E. (Newcastle-on-Tyne); 
Glen, John Elder (Glasgow); Glover, Stanley George, B.Sc. 
(Birmingham); Goodchild, Keith Trevor (Bilston); Hodgson, 
Charles Raymond (Middlesbrough); Horne, Campbell C., 
B.Sc., A.R.T.C. (Glasgow); Hume, Gerald James Thomas 
(Bilston); Jackson, James B. (Glasgow); Jeffreys, John Thomas 
Llewelyn (Swansea); King, Errol George, B.Sc. (Eng.) (Preston); 
Knaggs, Kenneth (Sheffield); Lawrence, Robert Christopher, 
B.A. (Sheffield); Lines, Ronald (Middlesbrough); Llewellyn, 
David Thomas (Swansea); Lloyd, Brian Arthur (Bilston); 
Lowther, William Henry (Middlesbrough); Martin, John Cory 
(Bilston); Modlen, Geoffrey Frank (Cambridge); O’Brien, 
Ramon Gerald (Newport, Mon.); Parker, Robert (Bilston); 
Pearce, Jai (Banaras, India); Phillips, Derek John (Swansea); 
Pinney, Victor (Liverpool); Pleass, Alan Charles (Morden); 
Plowman, David Frank (Lewes); Pramanik, Sudhansuranjan, 
B.Eng. (Dortmund, Germany); Pucknell, David John, L.I.M. 
(Nottingham); Robins, Clive (Middlesbrough); Sandelands, 
Alan (Workington); Skinner, Colin, B.Sc. (Ebbw Vale); 
Skinner, John (London); Smith, Eric Dawson (Middles- 
brough); Smith, John Edward Martin (Stamford); Smith, 
Michael Duncan, B.Met. (Sheffield); Taylor, John Llewelyn, 
B.Sc. (Cardiff); Thomas, Peter Barrington, B.Sc. (Port Talbot); 
Thompson, Stewart Philip (Cambridge); Vickers, Walter 
(Sheffield); Westrope, Alan Richard (Swansea); Woodhead, 
Alfred Brian (Sheffield). 


The President declared the candidates duly elected. 
They numbered 291, making the total membership of 
the Institute 4817. 
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INDUCTION OF THE PRESIDENT-ELECT 


Captain H. Leighton Davies, before vacating the Chair, 
introduced the new President, Mr. James Mitchell. 
Mr. Mitchell was a senior member of the Institute and 
a Bessemer Medallist, and had taken a keen interest in 
the industry, particularly on the production side. 

Captain H. Leighton Davies, C.B.E., then vacated the 
Chair, which was taken, amid applause, by the new 
President, Mr. James Mitchell, C.B.E., who briefly 
thanked Captain Leighton Davies for his remarks. 


VOTE OF THANKS TO THE RETIRING PRESIDENT 


The Hon. R. G. Lyttelton proposed a vote of thanks 
to the Retiring President. Captain Leighton Davies’s 
had been a notable year of office. As well as organizing 
a highly successful meeting in Swansea, he had built 
up the membership of the Institute by his own personality 
and efforts, and had preserved its offices for the Institute. 

Mr. §. Thomson, who paid a tribute to Captain 
Leighton Davies’s leadership during the year, seconded 
the vote of thanks, which was carried unanimously, 
with acclamation. Captain Leighton Davies briefly 
acknowledged the vote of thanks. 


PRESIDENTIAL ADDRESS 


The President (Mr. James Mitchell) then delivered his 
Presidential Address (see pp. 1-8 of the May, 1953, issue 
of the Journal). 


VOTE OF THANKS TO THE PRESIDENT FOR HIS 
ADDRESS 
Dr. H. H. Burton proposed a vote of thanks to the 
President for his Address, and this was carried unani- 
mously, with acclamation. 


MEMBERS’ DINNER 


At the Members’ Dinner, Lieutenant-General Sir Ian 
JacoB, K.B.E., C.B., Director General of the British 
Broadcasting Corporation, proposed the toast of ‘ The 
Iron and Steel Institute and Industries ’’, to which the 
PRESIDENT replied. The toast of ‘“‘The Guests’? was 
proposed by Sir ANDREW McCancz, D.L., D.Sc., LL.D., 
F.R.S. (Past President), and answered by Admiral Sir 
Rhoderick McGrigor, G.C.B., D.S.O. First Sea Lord. 


PRESENTATION OF PAPERS 
The following papers were presented and discussed 
(the dates of publication in the Journal are given in 
parentheses): 
Thursday, 30th April 
Morning Session 
Joint discussion on 
“Train Arrivals, Handling Costs, and the Holding 
and Storage of Raw Materials,” by M. D. J. Brisby 
and R. T. Eddison (October, 1952) 


“Railway Traffic of the Appleby-Frodingham 
Steelworks,” by E. R. S. Watkin (January, 1953) 


Afternoon Session 
Discussion on 

“Developments in the Rolling of Broad Flange 
Beams at the Cargo Fleet Iron Company, Ltd.,”’ by 
G. Barry Thomas (February, 1953) 

Joint discussion on 

*“* Speed-Dependent Variables in Cold Strip Rol- 
ling,” by R. B. Sims and D. F. Arthur (November, 
1952) 

** Performance of Hydrodynamically Lubricated 
Roll Neck Bearings,” by R. B. Sims (December, 
1952) 

“Control of Strip Thickness in Cold Rolling by 
Varying the Applied Tensions,” by R. B. Sims, 
J. A. Place, and P. R. A. Briggs (April, 1953) 

‘““ Works Trial of the ‘T’ Method of Automatic 
Gauge Control: A Progress Report,” by R. B. Sims, 
J. A. Place, and P. R. A. Briggs (April, 1953) 


Friday, 1st May 
Morning Session 
Joint discussion on 
“The Quench Ageing of Iron,” by A. L. Tsou, 
J. Nutting, and J. W. Menter (October, 1952) 
“Effect of Quench Ageing on Strain Ageing in 
Tron,” by A. H. Cottrell and G. M. Leak (November, 
1952) 
Joint discussion on 
‘*Temper-Brittleness: A Critical Review of the 
Literature,” by B. C. Woodfine (March, 1953) 
*“Some Aspects of Temper-Brittleness,” by B. C. 
Woodfine (March, 1953) 
‘“Temper-Brittleness in High-Purity Iron-Base 
Alloys,” by A. Preece and R. D. Carter (April, 1953) 
‘““ Effect of Arsenic and Antimony on Temper- 
Brittleness,’’ by G. W. Austin, A. R. Entwisle, and 
G. C. Smith (April, 1953) 


Afternoon Session 
Joint discussion on 

“The Formation of Bainite,” by T. Ko and S$. A. 
Cottrell (November, 1952) 

‘“‘ Effects of High-Temperature Heating on the 
Isothermal Formation of Bainite,”’ by 8. A. Cottrell 
and T. Ko (March, 1953) 

‘** Thermal Stabilization of Austenite in Carburiz- 
ing Steels,” by H. M. Otte and T. Ko (January, 
1953) 

‘* Line-Broadening of Martensite in Nickel Steels,” 
by R. A. Smith (February, 1953) 

“The Deformation of Austenite in Relation to 
the Hardness Characteristics of Steel,” by G. R. 
Bish and H. O'Neill (April, 1953). 
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Carbide Precipitation, 
Secondary Hardening, 


Red Hardness of High-Speed Steel - 


Introduction 


steel have already been very extensively studied, !~7 

and the results obtained by the different investi- 
gators are in excellent agreement. Apart from the 
recent work of Goldschmidt,’ however, no concise 
investigation of the carbides present in tempered high- 
speed steel has been carried out. Since high-speed 
steel is always used in the as-tempered state, a study 
of the carbide changes in the steel on tempering is of 
great technical importance. In connection with work 
on carbide reactions in chromium, molybdenum, and 
tungsten steels,® the present author has also studied 
carbide precipitation in hot-worked and high-speed 
steels, and the results obtained are presented in this 
paper. A short note has already been published.!° 

An attempt has been made to correlate the carbide 
precipitation and secondary-hardening phenomena of 
high-speed steel, and the rate of carbide precipitation 
has been studied in relation to the chemical composi- 
tion of the steel. From this study of the carbide 
reaction it was hoped to elucidate the two most 
prominent characteristics of high-speed steel—secon- 
dary hardening and red hardness. 

Hot-worked steels were included in this investiga- 
tion because all the carbide in them could be dissolved 
(provided that the austenitizing temperature was high 
enough), so that the carbide precipitation could be 
followed with greater certainty. In high-speed steel 
the presence of undissolved M,C and/or VC always 
obscured the appearance of the newly formed carbide. 
However, since the matrix of high-speed steel, 
austenitized at the commercial hardening temperature, 
will have a composition very close to that of hot- 
worked steel,” the carbide reactions that occur in 
these two types of steel on tempering should be fairly 
similar. 

The carbides were studied by electrolytic extraction 
and X-ray powder methods, details of which have 
been described elsewhere.? Hardness measurements 
were made with a Rockwell hardness tester. 


Ts carbides in annealed and quenched high-speed 





CARBIDE PRECIPITATION 


In a study of the carbide reactions that occur 
during the tempering of molybdenum and tungsten 
steels,® it was found that a carbide of the type Mo,C 


JULY, 1953 





and 


By Kehsin Kuo 


SYNOPSIS 

Carbides in tempered hot-worked and high-speed steels have 
been studied by electrolytic extraction and X-ray powder methods. 
It was found that the carbide present before reaching the hardness 
maximum is Fe,C, whereas after the maximum it is W,C or Mo,C. 
At the hardness peak no X-ray Jines were observed, probably 
because of the extremely small particle size of the newly precipitated 
W.C or Mo.C. By the time the iron—-tungsten or iron—molybdenum 
double carbide M,C could be detected the steel was already quite 
soft, and only after still longer tempering did M,,C, and Cr,C, 
begin to appear. 

Secondary hardening of high-speed steel is attributed to the 
precipitation of WC or Mo,C. Retained austenite is considered 
to be of secondary importance, since a pronounced secondary 
hardening has been found in a low-carbon molybdenum steel that 
did not contain any appreciable amount of retained austenite. 

The precipitation and/or coagulation of W,C in tungsten steels 
was greatly retarded by the addition of chromium or cobalt. It is 
tentatively suggested that this retardation might account for the 


779 


red hardness of high-speed steel. 172 


or W,C occurs as an intermediate product when the 
molybdenum or tungsten content is sufficiently high 
(5% and 9% of molybdenum and tungsten, respec- 
tively, at a carbon level of 0-4°%). This carbide 
appears immediately after cementite and vanishes 
after longer heat-treatment; meanwhile, the iron— 
molybdenum or iron—tungsten double carbide, 1/,C, 
begins to appear. This M,C carbide persists even after 
long tempering (2000 hr. at 700° C.) and seems to be 
the final stable carbide. However, if the molybdenum 
or tungsten contents are lower than these figures (i.e., 
5% and 9%), another iron—molybdenum or iron- 
tungsten double carbide of the form M,,C, begins to 
appear after M,C. In contrast to M,C, M,,C, is 
only an intermediate product, and it disappears after 
long tempering, when the final products are MoC or 
WC in co-existence with M,C. The addition of chro- 
mium, which itself forms Cr,,C, (isomorphous with 
M,,C,), prevents the formation of MoC or WC and 
also widens the steel composition range within which 
M,C, occurs as an intermediate product of tempering. 
The same reactions have been found in commercial 





Manuscript received 10th March, 1953. 

This project is a part of the technical research pro- 
gramme sponsored by Jernkontoret, and was led by a 
Committee whose members are H. Nathorst (Chairman), 
A. Hultgren, G. Higg, and K. Kuo. 

Mr. Kuo is at the Institute of Chemistry, University 
of Uppsala, Sweden. 
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hot-worked and high-speed steels. This is exactly 
what was expected from a consideration of the 
compositions of hot-worked steels and of the matrix 
of high-speed steels. 


Hot-Worked Steels 

Four types of hot-worked steel have been studied— 
two tungsten steels and two molybdenum. Uncon- 
ventional austenitizing temperatures (1300° C. for the 
tungsten steels and 1250°C. for the molybdenum) 
were used to ensure that all the carbide constituents 
were dissolved. The steels were then tempered for 
1 hr. at different temperatures, rather than for 
different periods at a constant temperature as in the 
previous work. This method has two advantages: 
firstly, long tempering for periods of 1000 hr. can be 
avoided by using a higher temperature, so that the 
whole experiment can be finished within a reasonably 
short time; and secondly, the X-ray analysis can be 
better correlated with the hardness measurement, 
which was usually carried out on steel specimens 
tempered for a constant period at various tempera- 
tures. However, the method is comparatively crude 
and many details of the carbide reaction are lost; 
this is discussed at greater length on p. 227. 

The steel compositions, and the X-ray analyses of 
carbides extracted from the steel specimens, are shown 
in Table I. The carbide sequences found in all four 
steels were similar, except for some small details that 
will be discussed later, and they also resembled those 
obtained with straight tungsten and molybdenum 
steels tempered at a constant temperature.® 

Cementite was found to be present after tempering 
for 1 hr. at 400° and 500° C. but not at 550°C. This 
probably means a re-solution of cementite in the 
matrix. The temperatures at which W,C and M,C 
were first observed were 625° and 675° C. respectively, 
whilst W,C (or Mo,C, which occurred at 600°C.) 
appeared immediately after Fe,C and before M,C. 
Carbide Mo,C or W,C occurred just above 575° C., 
the temperature for maximum hardness. At 575°C. 
no X-ray lines were observed; the carbide particles 
are perhaps too small to be detected by X-ray methods, 
or they may be decomposed during electrolytic 
extraction. At 800° C., the W,C or Mo,C disappeared 
completely, owing to the formation of M,C. 

Carbide M,,C, was observed in all these steels; its 
ease of formation and the amount present, however, 
are greater in molybdenum steels. From a considera- 
tion of their atomic ratios W:C and Mo:C, which 
lie between 1-8 and 2-0 (part of the carbon was bound 
in VC), there should be little or no M,,C, if the 
previous criterion® that only M,C exists at ratios of 
2-0 and above is accepted. The results obtained in 
the present work show that chromium shifts the 
boundary of the single-phase region of M,C to a 
higher W: C or Mo: C ratio, especially in molybdenum 
steels. The M,,C, carbide appeared after 7,0. 


High-Speed Steels 

The high-speed steels studied can be classified into 
three groups: (I) tungsten steels, base composition 
18-4—1 (W-Cr-V), (II) tungsten—molybdenum steels 
(W-Mo-Cr-V), and (III) low-tungsten steels (W—Mo- 
Cr-V). The austenitizing temperatures were 1300° C. 
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CARBIDES IN TEMPERED HOT-WORKED AND HIGH-SPEED STEELS 
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for group I and 1250° C. for groups II and III. The 
M,C carbide (and with high vanadium content even 
the VC carbide) was only partially dissolved after 
this treatment; thus M,C was always present in the 
tempered specimens. The steel compositions and the 
carbides obtained on tempering are shown in Table I. 

The carbide reaction was similar to that found in 
hot-worked steels, except that W,C or Mo,C appeared 
at 675° C. instead of at 625° and 600° C. respectively. 
Since undissolved M,C was always present, it was 
difficult to judge with certainty when the newly 
formed M,C began to appear. However, undissolved 
M,C gave very sharp and distinct X-ray diffraction 
lines, whereas finely divided secondary M,C (after 
Goldschmidt§) gave diffuse lines. From an examina- 
tion of the line broadening of the diffraction pattern, 
it was estimated that M,C begins to appear at about 
700° C. 

After tempering at still higher temperatures, 
M,,C, or Cr,C, began to appear in certain steels. The 
existence of Cr,C, in high-speed steels has, until now, 
been overlooked. Most of the steels contained VC, 
if not in the as-quenched state then at least after 
tempering at a high temperature, as in steel 18-4—-1-5. 

Carbide Fe,C has not been found in specimens 
tempered at low temperatures, although it was 
thought to be present. This was perhaps due to the 
overshadowing effect of the massive undissolved M,C, 
which made the X-ray analysis less sensitive. Cohen 
and Koh!! also failed to identify this carbide by 
X-rays, but from thermomagnetic measurements they 
claimed that Fe,C is the first carbide formed on 
tempering high-speed steels (according to Jack,'* 
e-iron carbide occurs before Fe,C). 


Discussion 


Using X-ray, dilatometer, and mechanical data, 
Cohen!’ showed the tempering of tool steels (not high- 
speed steel) to be a four-stage process consisting of: 

(i) Martensite—ferrite transformation and the preci- 
pitation of a transition phase (Jack’s e-iron 
carbide) 

(ii) Transformation of retained austenite 

(iii) Formation of Fe,C 
(iv) Conversion of Fe,;C into more stable alloy car- 
bides. 


Gill et al.,1 in discussing the tempering of high-speed 
steels, also said that Fe,C is a transition product and 
that it disappears either by re-solution in the matrix 
or by its reaction with the alloy content of the matrix 
to form a complex carbide if a long tempering time or 
high tempering temperature is used. From the 
present work it is clear that the carbide sequence 
during tempering of hot-worked and high-speed steels 
is: Fe,C, W,C (or Mo,C), M,C, M,,C, (sometimes 
carbides of other metals, such as VC and Cr,C,, may 
also exist). Carbide W,C (or Mo,C) was found to be 
the ‘ stable alloy carbide ’ of Cohen or the ‘ complex 
carbide ’ of Gill et al. The present author still main- 
tains® that the mechanism of this carbide reaction is 
that Fe,C disappears by re-solution and W,C forms 
elsewhere in the matrix. 

Goldschmidt® also has studied the carbide sequence 
on tempering of high-speed steels, and his sequence 
is: undissolved M,C, secondary M,C, ‘transition 


JULY, 1953 


carbide 7',’ final precipitate M,,C,. This transition 
carbide 7’, according to Goldschmidt, does not 
correspond to any known phase in the ternary system 
Fe-W-C, including W,C; it began to appear after 
tempering at 600° C., but was more evident after 2 hr. 
at 700°C. The present author has not noticed this 
transition carbide, but found that W,C or Mo,C is 
the only carbide present after 2 hr. tempering at 
700° C. (besides the undissolved M,C and/or VC). 

Kayser and Cohen’ pointed out that, despite the 
wide variation in composition of high-speed steels, 
the austenite—-martensite matrices attain almost the 
same composition after commercial austenitizing, and 
they considered this to be the fundamental reason for 
the generally similar hardening and _tenipering 
characteristics of these high-speed steels. From the 
present work it has been shown that these steels do 
have the same carbide reaction during tempering; and 
this general carbide reaction is closely related to the 
secondary hardening and red hardness of the steel 
(see p. 226). 

The presence of M,,C, in tungsten—-molybdenum 
high-speed steels has been generally recognized, but 
the opinions about its presence in 18—4~1 grade high- 
speed steels are not unanimous. Goldschmidt® found 
only traces of M,,C, in five of the nine 18—4—1 grade 
high-speed steels that he studied. The present author 
found a small amount of M,,C, in steels 18-4—1-5 
and 18-4-2-10 but none in steel 184-1. Kayser 
and Cohen,’ on the other hand, found by an indirect 
method that one-third by volume of the carbide 
constituents (about one-fifth by weight) in annealed 
tungsten high-speed steels is M,,C,. They obtained 
the amount of M,,C, (by volume) by subtracting that 
of VC and M,C from the total amount of carbide, 
but the reliability of this method is perhaps question- 
able, since minute carbide particles may not be 
detected by the linear analysis that they used. How- 
ever, M,,C, in the carbide residue cannot amount to 
20% (by weight) without being detected by X-ray 
powder methods. The present author considers that 
the composition of high-speed steel lies along the 
boundary of M,C/(M,C + M,,C,), and a slight 
change in composition, not only in carbon and 
tungsten but also in chromium, may shift the steel 
from one region to the other. This probably explains 
the unusual behaviour of the M,,C, carbide. 


SECONDARY HARDENING 

Precipitation Hardening 

The general opinion concerning the secondary 
hardening of high-speed steel is that both carbide 
precipitation and transformation of retained austenite 
contribute to this rehardening phenomenon. Since 
these two reactions always occur simultaneously in 
high-speed steel on tempering between 550° and 
650° C., it is not possible to determine which is the 
predominating factor. The following experiment 
serves to prove that the carbide precipitation alone 
can produce a pronounced hardening effect similar to 
the age-hardening process occurring in many non- 
ferrous alloy systems. However, this by no means 
rules out the possibility that the transformation of 
retained austenite can also produce a secondary har- 
dening effect. 
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Fig. 1—Hardness/tempering-temperature curves for 
two tungsten steels, tempered for 1 hr. X-ray data 
are denoted by rings 


A 0-18% C, 3-88% Mo steel, after quenching from 
1150° C., has a hardness of 41-0 Rc. The hardness 
maximum, after tempering for 10 hr. at 550°C., is 
48-2 Rc. No retained austenite has been found by 
an X-ray method that is capable of detecting 1% of 
retained austenite.* This small amount of retained 
austenite, even if it exists, cannot account for the 
increase in hardness of 7-2 Rc. The carbide found 
in this steel immediately after the hardness maximum 
(after tempering at 625° C. for 1 hr.) was Mo,C. Thus 
it was obvious that, at least for this steel, the main 
contribution to the secondary hardening comes from 
the precipitation of Mo,C. The same hardening effect 
should also be manifested in the high-carbon tungsten 
or molybdenum steels if this kind of carbide precipita- 
tion is present irrespective of whether retained 
austenite exists or not. Judging from the magnitude 
of the hardness increase in the above-mentioned steel 
caused by the precipitation of Mo,C, it might be 
concluded that carbide precipitation plays a major 
réle in the secondary hardening of high-speed steels. 


Hardness Measurements 


The hardness of the steel specimens from which 
carbide was later extracted was determined, and the 
results for two tungsten steels are shown in Fig. 1. 
The X-ray data are marked on the hardness curves. 
From Curve I, which represents a hot-worked steel, 
it can be said with certainty that the precipitation 
of M,C occurs at too high a temperature and the 
hardness is too low to account for the secondary 
hardening. The same reasoning applies to the M,,C, 
carbide, as shown by Curve II, which represents a 
‘high-speed steel. In both cases, the only carbide that 
can be considered is W,C. 

The hardness of the high-speed steel at which the 
first traces of W,C were detected was 58-9-Rco 
(obtained in a constant-temperature tempering series 
carried out at 580° C.), i.e., about 5 or 6 units lower 
than the hardness peak. To obtain any X-ray dif- 
fraction lines, however, the coagulation of carbide 
particles has to be allowed for, and this can only take 





* The author is indebted to Mr. G. Molinder, of Udde- 
holm AB, for this X-ray determination. 
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place at the expense of the hardness of the steel. 
This explains why no X-ray lines were obtained at 
the hardness maximum. 


Discussion 


Crafts and Lamont,!4 who carried out an extensive 
investigation of the secondary hardening of tempered 
martensitic alloy steel, concluded that secondary 
hardening is not only a retardation of softening but 
is a real precipitation hardening. A carbide-forming 
alloy was most effective when the alloy and carbon 
contents of the steel approached the ratio of the alloy 
carbide, e.g., Cr;C,, VC, Mo,C, and W.C. They 
arrived at this conclusion by correlating the hardness 
test with the composition of the steel, without veri- 
fying the existence of W,C in tempered tungsten steels 
by X-rays (although they have identified the other 
carbides). In addition, the atomic ratio W : C or Mo: C 
of commercial hot-worked and high-speed steels which 
is found in practice is very close to 2-0. 

Carbide W,C or Mo,C also occurred in steels with 
an atomic ratio W : C or Mo : C lower than 2-0 on tem- 
pering,® but no secondary hardening has been noticed. 
However, two other circumstances ought to be 
mentioned: the disappearance of Fe,C was compara- 
tively slow and incomplete, and W,C or Mo,C formed 
only a small part of the total carbide constituent. 
If the carbide conversion process does not occur very 
quickly and completely at a sufficiently low tempera- 
ture, the hardening effect of carbide precipitation is 
perhaps not enough to counterbalance the softening 
effect of tempering. 

The metal atoms in W,C or Mo,C form a close- 
packed hexagonal lattice (iso-structural with ¢-iron 
carbide formed at low temperature from the de- 
composition of martensite), which can be described 
as formed by stacking layers in the sequence 
ABABAB... However, carbides with other struc- 
tures have also shown this precipitation hardening 
effect, e.g., VC.14 15 Carbide VC has a close-packed 
cubic lattice, the sequence of stacking layers being 
ABCABCABC ... In the X-ray photographs of the 
carbide extracted from tungsten or molybdenum steel, 
in addition to the close-packed hexagonal structure 
there were also some indications of the co-existence of 
close-packed cubic W.C (or Mo,C), as has been found 
recently.1® 17 The sample might be a mixture of the 
two types of W.C (or Mo,C), but it could also be an 
example of stacking disorder such as that which 
occurs in pure cobalt!§ and copper-silicon alloys.’ 
However, the evidence was not positive enough to 
warrant further speculation. The present author does 
not agree with Goldschmidt® that the precipitation 
hardening is caused by M,,C,, and particularly not 
with the ‘incipient precipitation of M,,C, within 
the M,C carbide’ as suggested by him. 


RED HARDNESS 


High-speed steels are characterized by their ability 
to retain appreciable hardness at elevated tempera- 
tures. According to Gill et al.,1 the decomposition of 
retained austenite on tempering cannot fully account 
for this property. They considered that the pheno- 
menon of red hardness is associated with the extreme 
reluctance of the complex carbides to precipitate and 


JULY, 1953 











JUL 





. steel. 
ned at 


ensive 
npered 
ondary 
ng but 
orming 
carbon 
e alloy 

They 
rdness 
t veri- 
1 steels 
other 
Mo:C 


which 


Ss with 
n tem- 
oticed. 
to be 
npara- 
ormed 
ituent. 
r very 
npera- 
tion is 
tening 


close- 
e-iron 
1e de- 
cribed 
yuence 
struc- 
lening 
yacked 
being 
of the 
1 steel, 
ucture 
nce of 
found 
of the 
be an 
which 
loys.19 
igh to 
wr does 
itation 
ly not 
within 


ability 
npera- 
tion of 
ecount 
pheno- 
ctreme 
te and 


, 1953 


AND RED HARDNESS OF HIGH-SPEED STEEL 


especially to coagulate in large sizes. According to 
the carbide reaction described on p. 225, their complex 
carbide corresponds to the W,C or Mo,C carbide. 


Effect of Chromium and Cobalt 


Chromium is indispensable in high-speed steels, and 
it has been suggested that its major function, in view 
of the poor hardenability of straight tungsten steel, 
is to improve hardenability. As pointed out by 
Houdremont and Schrader,?® however, chromium 
cannot be eliminated in molybdenum high-speed steels, 
even though molybdenum is known to be an extremely 
potent agent in increasing the steel hardenability. 
Thus, chromium must serve other purposes than this. 
Cobalt greatly improves the red hardness of high- 
speed steel, but no proper explanation of this has yet 
been given. 

The compositions of the steels studied for this pur- 
pose are shown in Table II, together with the results. 
The effect of chromium and cobalt in retarding the 
appearance of W,C and M,C is obvious, but at present 
it has not been determined whether this effect was 
due to the reluctance of the W,C carbide to nucleate 
or to coagulate. It is tentatively suggested that the 
retardation might account for the red hardness of 
these tool steels. 

The lattice constants of W,C found in these steels 
are also shown in Table II. Lattice contraction took 
place when some of the tungsten atoms were replaced 
by smaller chromium and/or cobalt atoms. In this 
respect, the important findings of Goldschmidt® and 
of Kayser and Cohen’ that cobalt migrates into the 
M,C carbide during tempering should be mentioned. 
However, the present author is not of the opinion 
that the formation of (Co,W),C is the reason for the 
beneficial effect of cobalt on the red hardness of 
high-speed steel, as suggested by Gulyaev.? 

The effect of chromium and cobalt in retarding 
carbide precipitation has not been noticed in the 
constant-time tempering series as reported in Table I. 
Constant-temperature tempering is time-wasting, 
but it has the advantage of bringing out more details 
of the underlying mechanism of tempering in high- 
speed steels. 


bo 
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GENERAL DISCUSSION 


The precipitation of W,C or Mo,C from the matrix 
of high-speed steel has been shown to be closely con- 
nected with the rehardening phenomenon of the steel 
on tempering. The presence of chromium and/or 
cobalt retards the growth of these carbides and thus 
improves the red hardness of the steel. The M,C 
carbide has generally been termed high-speed steel 
carbide, since it is the main carbide constituent found 
in both quenched and tempered high-speed steels. 
However, the precipitation of M,C occurs at too high 
a temperature to cause any secondary-hardening effect. 

After quenching, the high-speed steel is composed 
of about 10% (by volume) of refractory carbides, 
mostly M,C, embedded in a rehardenable martensite 
austenite matrix. In addition to its beneficial effect 
on the wear-resistance of the steel, the presence of 
refractory carbides also efficiently prevents the 
growth of the austenite grains, so that very high 
austenitizing temperatures can be used without mak- 
ing the steel brittle. In other words, a matrix of 
higher carbon and alloy contents, and thus a higher 
initial hardness and greater ability of rehardening, 
can be obtained. Generally, about 50°, of the 
tungsten or molybdenum added to the high-speed 
steel is lost in the undissolved 7,C. These functions 
can be achieved equally well by some refractory 
carbides other than M,C, eg., VC, TiC, or NbC, 
provided that a proper balancing in the steel composi- 
tion has been made. The present tendency to add 
more vanadium (and carbon) into the steel so as to 
economize on tungsten and molybdenum is a good 
example of the application of this general principle 
in the further development of high-speed steels. 
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Table II 


EFFECT OF CHROMIUM AND COBALT ON THE RATE OF CARBIDE PRECIPITATION IN TUNGSTEN 
HOT-WORKED AND HIGH-SPEED STEELS 



































Tempering 
Steel Composition ok MEAP E he Lattice Dimensions of W,C* 
Type of Steel Appearance of: 

Cc, % WwW, % Cr, % Vv, % Co, °® w.c | M,C a, A. | c, A. | cla Aa, % 

(Pure W,C) 2-986 | 4-712 | 1-578 |... 

9-0-0-0 (W-Cr-V-Co) 0:34 | 8-15]... a 1 20 | 2-986 | 4-706 | 1-576] 0 
9-3-0-0 0-33 | 8-75 | 2-95 | 0-16 |... 5 | 200 | 2-932 | 4-624 | 1-577] —1-8 
9-3-0-3 0:36 | 8-83 | 3-04 | 0-20 | 3-20 10 | 400 | 2-908 | 4-577 | 1-574 | —2-7 
18-4-1-0 0-78 | 18-4 | 4-32 |] 1-22] ... 10 + | 2-920 | 4-598 | 1-575 | —2-2 
18-4-1-5 0-80 | 18-2 | 4-42 | 1-50 | 5-12 | 100 + | 2-915 | 4-592 | 1-576 | —2-5 
18-4-2-10 0-86 | 18-8 | 4-10 | 1-83 | 9-87 | 200 ¢ | 2-915 | 4-590 | 1-575 | —2-5 

| 
































* Measured from photograph of carbide extracted from a steel specimen that had been tempered for 1 hr. at 700° C 


+ M,C exists as undissolved carbide. 
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LETTER TO THE EDITOR 
A WATER-COOLED PITOT TUBE FOR HOT GASES 


In open-hearth furnace investigations, a knowledge of The essential requirements for such an instrument are: 
the gas and air velocities before, during, and after (i) It must be capable of being water-cooled 
combustion is valuable. Of the various techniques of (ii) It must have a constant coefficient over a wide 
measurement that have been suggested, the Pitot tube range of Reynolds’ numbers 
method has the virtues of simplicity and reasonable (iii) It is desirable that the pressure tappings should 
accuracy. be sufficiently close together to produce a 


n negligible buoyancy pressure. 

1 co. [A A tube was designed for use in soaking pits, and a 
| | full discussion of the above points may be found in the 

ut report on this tube. This design has since been slightly 
modified and one suitable for open-hearth work has been 
| produced. The essential dimensions and manner of water- 
+ cooling of the head of the tube are shown in Fig. 1, 
C and its photograph in Fig. 2. The instrument has the 
form of a flat plate with a pressure tapping on each 
face. Cooling water passes to the head along one side 
of a split tube, and guide vanes ensure that all parts 
of the head are cooled efficiently. The water then 
returns along the other side of the split tube. This 
instrument has been used successfully in flames at 
temperatures of up to about 1600° C. 

The calibration of the tube presents some difficulty, 
owing to its size; but a $-scale model has been calibrated 
in a small wind-tunnel, and the coefficient C of the tube 
may provisionally be taken as 1-55 over a range of 
Reynolds’ numbers of 1000 to 10,000. 


The coefficient C is defined by C = ae 
where Ap = pressure difference as measured 
4eV? = dynamic energy of the gas at the point of 
measurement. 

Experiments are now in progress on the effect of 
using a cold Pitot tube in hot gases, and the instrument 
is also being calibrated on a full scale. This work will 
be reported in detail later. 
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J. A. Leys 
Physics Department, 
British Iron and Steel Research Association, 
- 140 Battersea Park Road, 
Fig. 1—Details of head of tube London, S.W.11. 
Fig. 2—View of head of tube 1. R. D. CoLuins: Instrument Practice, 1952, vol. 7, Nov. pp. 39-46. 
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Diffusion in Metals 


Introduction 


HE commonest type of experiment on the pheno- 
menon of diffusion in metals consists in bringing 
two dissimilar metals, or a metal and one of its 

alloys, into intimate contact across a plane interface, 
thus allowing them to diffuse into one another when 
the temperature is raised sufficiently. Some means is 
then employed to measure the change in concentration 
as a result of diffusion at some point or points along 
the direction of diffusion normal to the original inter- 
face. The results of such experiments are usually 
expressed in terms of the ‘ diffusion coefficient ’’ D 
defined by the well-known Fick’s law: 

Q = — De ween RES 
where for diffusion occurring in one direction only, 
along the x axis, q is the amount of material diffusing 
in unit time through unit area perpendicular to the 
«-axis, when the concentration gradient is éc/éx. It 
follows that the rate of change with time ¢ of the 
concentration c at a point where the concentration 
gradient is ¢c/éx is given by 


aa o 6c 
a -( De) seecces java vageceamans (2) 


or, if D is assumed to be independent of concentration 
and therefore the same at all points in the sample, 
ec 6c 
at = ax? Sheskcnvessecsnssaseciccla) 
Solutions of equations (2) or (3) appropriate to the 
conditions of the experiment give c as a function of 
x, D, and t, from which D may be calculated. 

The first such measurements were obtained in 1898 
by Roberts-Austen, who measured the diffusion 
coefficient of gold in lead. Since then, a large number 
of measurements have been made on a wide range 
of pairs of metals or of a metal and one of its alloys, 
providing what may be termed their ‘ chemical inter- 
diffusion coefficients.’ 

With the discovery of radioactive isotopes, and 
particularly the artificially produced isotopes, it 
became possible to measure the ‘self-diffusion 
coefficients ’ of pure metals by allowing diffusion to 
take place between two samples of the same metal, 
one of which contains a certain proportion of a suitable 
isotope of the metal, and measuring the distribution 
of radioactivity after diffusion. 

Radioactive isotopes have also been used to measure 
the self-diffusion coefficients of the separate compo- 
nents of an alloy by allowing diffusion between two 
samples of the alloy, the samples being of identical 
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By A, D. Le Claire 


SYNOPSIS 
A review is given of the principal results that have been 
obtained from experimental and theoretical work on diffusion in 
metals. From a consideration of these results a few suggestions 
are made on the types of experiments most likely to further an 
understanding of the subject. 765 


chemical composition but one of them containing a 
proportion of a radioactive isotope of one of the alloy 
components. 

That metals do in fact diffuse can only mean that 
the individual atoms are not permanently confined 
to single lattice sites but, by some process, are con- 
tinually moving about in the lattice from one site to 
another. By virtue of this natural random migration 
a gradient of composition, either chemical or radio- 
active, is smoothed out and the material ultimately 
becomes homogeneous. The diffusion coefficient is 
then a measure of the rate of random migration of 
atoms in the crystal lattice. Measurements of any 
property of a metal which depends upon the move- 
ment of atoms individually may in principle, there- 
fore, be made to yield the diffusion coefficient. Such 
properties include certain types of internal friction 
(arising from a stress-induced redistribution of atoms 
in alloys), the rate of sintering of metal powders, 
certain types of creep, and the change in width with 
temperature of paramagnetic resonance absorption 
lines; all four properties, particularly the first two, 
have been used to give diffusion data. 


RESULTS OF DIFFUSION EXPERIMENTS 
Variation of D with Temperature 
All coefficients of diffusion are found to vary with 
temperature according to the relationship 
D DUR GI occcctoncpncdussaecunkies (4) 
where D, and Q are temperature-independent con- 
stants, the latter being referred to as the ‘ activation 
energy.’ The results of diffusion experiments are very 
often reported in terms of D, and Q. The values of 
Q vary between systems, but are mainly in the range 
10-80 kg.cal./mole. Values of D, are usually between 
10-® and 10? sq. em./sec., but for self-diffusion 
measurements D, lies mostly in the more restricted 
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range 10-1 to 10 sq. cm./sec. The coefficient D is 
of the order of 10-® to 10~12 sq. cm./sec. at tempera- 
tures approaching the melting point. 


Variation of D with Composition 


The coefficients D, and therefore in general D, and 
Q, are often found to vary markedly with concentra- 
tion, even within a single-phase region, to which the 
concentration range is generally confined when per- 
forming chemical diffusion experiments. But many 
workers have ignored a possible variation of D with 
composition, either because they used equation (3) 
rather than equation (2) in the analysis of results 
that could have been treated by the latter equation, 
or, more often, because their experimental methods 
were inadequate to show the variation. Published 
values of D, therefore, are often the mean values over 
a range of composition. Such mean values may, of 
course, correspond quite closely to the true value at 
the mean concentration if D varies only slightly with 
composition or if the concentration range covered is 
sufficiently small. In practice, accurate measurements 
of D as a function of concentration are best made by 
using a series of samples, each covering a small 
concentration range. The usual Matano—Boltzmann 
method, using a single sample covering the whole 
range of concentration of interest and a solution of 
equation (2), gives results of relatively low accuracy 
towards the limits of the concentration range. 

In the few cases that have been studied (e.g., Zn 
in «- and f-brass), there has been found a marked and 
discontinuous change in diffusion rates on passing 
from one phase to another, as well as the smooth 
variation with composition within a single phase. 


Diffusion in Anisotropic Materials 


In anisotropic materials the rates of diffusion may 
be expected to vary with the direction of diffusion 
in the crystal, and this has been found to be so for 
self-diffusion in bismuth, zinc, and tin. The anisotropy 
is very large for bismuth; at temperatures near the 
melting point (271° C.), D perpendicular to the c axis 
is about 10° times greater than D parallel to the c 
axis, but the two rates become equal at about 200° C. 
and reverse their order of magnitude at lower tem- 
peratures. For zinc and tin the anisotropy is much 
less, but in each case there is again a temperature in 
the solid range at which the diffusion is isotropic. 


Variation of D with Pressure 


The few experiments that have been conducted 
show that pressures of up to a few thousand atmos- 
pheres have no marked effect upon diffusion rates. 
More extensive experimental work, particularly at 
higher pressures, would be of great theoretical interest. 


Effect of Cold Work 


The rate of diffusion has been shown to be faster 
in materials that have been cold-worked before the 
diffusion anneal. The effect of cold work may not, 
of course, be apparent at temperatures such that the 
time for complete recovery is short compared with 
that required to obtain a measurable amount of 
diffusion. 
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The well-known fact that precipitation in age- 
hardening alloys is more rapid after cold work may 
also be due to an increased rate of diffusion. 


Effect of Prior Thermal Treatment 


Materials that have been quenched from a high 
temperature before the diffusion anneal at a lower 
temperature sometimes show a higher rate of diffusion 
than does the same material fully annealed at the 
diffusion temperature (see below). 


Diffusion in Grain Boundaries 


Since the regular lattice structure of a grain in 
polycrystalline material is disturbed at the grain 
boundaries, it is reasonable to expect that diffusion 
rates in the neighbourhood of grain boundaries will 
differ from those within a single crystal or grain. The 
transfer of matter in polycrystalline material will occur 
both through the grains themselves, at a rate deter- 
mined by the lattice diffusion coefficient D,, and 
along the grain boundaries at a rate determined by 
the grain-boundary diffusion coefficient D,,, so that 
values of D measured on polycrystalline material will 
in general represent some mean value of D; and Dp. 
The relative importance of these two channels of 
transfer in determining the measured D will depend 
on the grain size and on the relative magnitudes of 
D and Dygp. 

Measurements of grain-boundary diffusion rates 
have been made by studying the variation of the 
overall diffusion rate with grain size, or, preferably, 
by directly comparing the penetration of material by 
diffusion along individual grain boundaries with that 
in the adjacent grains. The most recent work has 
shown that Q,, and D,, vary with the relative 
orientation § of the grains flanking the boundary, 
and that, for @ less than about 20°, Dj, and Qy» 
become equal to D, and Q;. For large values of 6, 
D,» is always greater than D; and Q,, is always 
less than and usually about one-half of Q). 

When measuring diffusion coefficients with poly- 
crystalline specimens, it is sometimes found that the 
values obtained are independent of changes in the 
grain size of the material used; it may then be con- 
cluded that the grain-boundary contribution to the 
overall diffusion flow is sufficiently small for the 
measured value of D to represent D;. Such a test is 
by no means always carried out, nor is the grain size 
often mentioned. Since Q, is greater than Q,», the 
contribution to the overall diffusion from lattice 
diffusion alone increases more rapidly with increasing 
temperature than that arising from grain-boundary 
diffusion. Thus for a given grain size, the higher the 
temperature the more nearly will a measured value 
of D become independent of the grain-boundary 
contribution. High temperatures will also favour 
grain growth and so again a reduction in the grain- 
boundary contribution. It is usually considered that 
the more extensive the temperature range over which 
diffusion measurements are made, the more accurate 
will be the theoretically important quantities D) and 
Q (in equation (4)) derived from them. Such measure- 
ments are most likely to give D,; at higher tempera- 
tures, but at lower temperatures will tend to give 
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measured values of D that are greater than D,, since 
Dy»> D,. Therefore, a ‘ best straight line’ drawn 
uncritically through both high- and low-temperature 
results, when plotted as logD against 1/7’, may well 
produce values of Dy and Q of no particular theoret- 
ical significance and which are less than the true 
values for lattice diffusion, which they are often 
assumed to represent (see below). Many published 
values of Dy and Q are of doubtful theoretical signifi- 
cance because the possibility of an appreciable grain- 
boundary contribution to the observed overall dif- 
fusion has not been properly examined. For example, 
a series of measurements on the self-diffusion of silver 
in polycrystalline material, carried out over an 
extensive temperature range, gives D = 8 x 10~-3x 
exp(— 38,000/R7'), whereas the true lattice-diffusion 
value obtained using single crystals and the same 
temperature range is D = 0-895 exp(— 45,950/RT). 
The differences frequently found in the literature 
between measurements made on one system by inde- 
pendent observers may well be connected with varia- 
tions in the grain-boundary contributions to the total 
observed flow in the diffusion samples used. 

Recrystallization and grain growth, involving move- 
ment and change in density of grain boundaries, are 
known to occur during diffusion, and may seriously 
hamper the study of grain-boundary diffusion by 
direct observation of the concentration distribution 
around grain boundaries. Furthermore, the grain- 
boundary contribution to a total diffusion flow may 
change during the diffusion anneal, and it may not 
be absent or even negligible in the diffusion even of 
initially single-crystal material. Chemically inhomo- 
geneous but strain-free single-crystal wires of «-brass 
have been observed to recrystallize during a homo- 
genization anneal. 

When it is found that the diffusion coefficient in 
polycrystalline material is independent of the grain 
size, it is often assumed that D,, and D, do not differ 
appreciably. This conclusion is quite unjustified, for 
it is readily shown that since the grain-boundary 
material occupies only a very small fraction of the 
total volume of the crystal, D,, may very appreciably 
exceed D, without grain-boundary processes con- 
tributing measurably to the overall diffusion. 


Effect of Third Elements on Diffusion in Binary Alloys 


The presence of a third element can often appre- 
ciably influence the diffusion rate of a pair of metals. 
For example, 0-5°/, of Mn added to the nickel reduces 
the chemical interdiffusion coefficient of copper and 
nickel to one-third of the value for the Mn-free 
material. Also, the diffusion rate of carbon in «-iron 
is halved by the addition of 1% of tungsten. It is 
important, therefore, to use very pure materials in 
diffusion measurements, especially when it is remem- 
bered that impurities may segregate in grain bound- 
aries and produce changes in their properties out of 
all proportion to the total impurity concentration. 
Less reliance should be placed upon published results 
where the purity of the materials used is low or is 
not specified. 

It would be very surprising to find that impurities 
alone were responsible for the more rapid diffusion 
rates at grain boundaries, but the extent to which 
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they do influence values of D,, has not been fully 
determined experimentally. 

So far, no systematic study has been carried out to 
discover any regularities in the influence of third 
elements on diffusion rates in binary systems, nor has 
the formally analogous problem of the influence of 
small additions of other elements on the self-diffusion 
coefficients of pure metals been investigated. Such 
experiments, particularly of the latter and simpler 
type, would probably provide useful information for 
elucidating the details of atomic diffusion processes 
in metals; experiments of the first type would also 
have important application to industrial processes in 
which it may be advantageous to retard or to accelerate 
rates of diffusion. 


The Kirkendall Effect 

It is common practice to measure the rate of 
diffusion in a binary alloy relative to a plane across 
which equal numbers of atoms of the two species have 
diffused in opposite directions. This gives the chemical 
interdiffusion coefficient, and it is often assumed that 
this single coefficient is an adequate description of 
the diffusion behaviour of the system. It has recently 
been shown, however, that the plane of the original 
interface between two interdiffusing metals (as defined 
by inert ‘ markers’ placed there) moves, relative to 
parts of the sample well away from the diffusion zone, 
by amounts much greater than can be accounted for 
by changes in lattice parameter arising from differences 
in atomic size of the two diffusing species. This 
phenomenon of interface shift is known as the 
Kirkendall effect and may be interpreted as meaning 
that, relative to the crystal lattice, the two atomic 
species diffuse in opposite directions at unequal rates, 
so that at each point in the diffusion zone there is a 
net flow of atoms directed away from regions richer 
in the more rapidly diffusing component. The metal 
on one side of the original interface must expand to 
accommodate the increased number of atoms and, if 
a non-defective lattice in which all sites are occupied 
is to be maintained, the other side, which suffers a 
net loss, must at the same time shrink. This produces 
a motion of all lattice planes in the diffusion zone, 
and in particular of the original interface as observed, 
towards regions richer in the more rapidly diffusing 
component. 

If this interpretation of the phenomenon is accepted, 
it appears that two separate diffusion coefficients D, 
and D, (the ‘ partial chemical diffusion coefficients ’) 
are necessary for a full description of the diffusion 
behaviour of binary alloys, these coefficients repre- 
senting the rates of flow relative to the crystal lattice 
of the two diffusing species. (Strictly speaking, this 
statement applies with certainty only to face-centred 
cubic substitutional alloys, as alloys of other struc- 
tures have not yet been examined for a Kirkendall 
effect.) With certain simplifying assumptions it may 
be shown that D, and D, are related to the chemical 
interdiffusion coefficient D by the equation 


Bice Nally + Was snc: (5) 


where NV, and N, are the fractional atomic concentra- 
tions of species A and B. Since D, # D,, D neces- 
sarily varies with composition, although such variation 
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is due also to variation of D, and D,, for D does 
not usually change linearly with concentration. 

The rate of movement v of a plane of the lattice 
normal to the diffusion direction, situated where the 
concentration gradient is éc,/éx, is given by 


a 
v = (Da — Dy, inileesioe (6) 


so that D, and D, may be calculated from measure- 
ments of D, v, and éc¢,/éx. The value of v is obtained 
from observations of the movement of inert ‘ markers ’ 
placed in the diffusion zone, usually at the original 
interface. Only a very few measurements of D, and 
Dy, in concentrated solution have yet been made, but 
from the observed direction of the Kirkendall shift 
it appears that the component with the lower melting 
point generally has the higher diffusion coefficient. 
If Dz and Dy, are of the same order of magnitude, 
D itself will be a measure of, say, Dg at sufficiently 
low concentration of A. For practical purposes a 
knowledge of D alone is often adequate to specify 
the diffusion behaviour of a binary system, but for 
theoretical purposes the more fundamental quantities 
D, and Dy, are of greater importance. 

The assumptions essential for the validity of equa- 
tions (5) and (6) are that a non-defective lattice is 
fully maintained by complete shrinkage of that side 
of the sample suffering a net loss of atoms, and that 
this shrinkage and the expansion of the other half 
of the sample take place only along the direction of 
diffusion, thus maintaining constant the cross-section 
across which diffusion occurs. Recent experiments 
have shown, however, that such assumptions are not 
fulfilled. In many cases it is also found that a lateral 
expansion takes place on that side of the sample which 
receives a net increase in the number of atoms. On 
the other side a lateral contraction occurs, and often 
also a porosity develops, revealing an incomplete 
shrinkage and leading to an overall increase in volume 
of the sample during diffusion. Such dimensional and 
structural changes will, in general, lead to inaccuracies 
in the determination of D and v. But the lateral 
dimensional changes may be relatively unimportant 
in sufficiently large samples, where the tendencies 
towards lateral expansion and shrinkage are con- 
strained by the surrounding undiffused material. 
Suggestions have been made for avoiding some of the 
effects of porosity by suitable design of experiment, 
but these are not without objection. 

If a vacancy mechanism of diffusion (see below) is 
assumed, the Kirkendall effect shows that one species 
of atom may move on to a vacant site more readily 
than the other. The former will then diffuse more 
rapidly than the latter, and there will be a net flow 
of vacancies in the opposite direction to the net flow 
of atoms. It is assumed that dislocations (and grain 
boundaries) act as sources of vacancies on the side 
of a diffusion sample losing vacancies and therefore 
gaining atoms, and that they act as sinks for vacancies 
on the other side, so tending to maintain the vacancy 
concentration everywhere at its equilibrium value. 
Where vacancies are removed by condensing on dis- 
locations the lattice will shrink, and where they are 
being created it will expand, the two processes together 
producing the observed movement of lattice planes 
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(in particular the marked interface) towards the side 
losing atoms. The occurrence of porosity in many 
samples is probably due to vacancies, in regions where 
their number is in excess of that corresponding to 
equilibrium, combining to form relatively stable 
aggregates, which then grow by further accretion of 
vacancies. 

Although rough calculations have shown that the 
usual density of dislocations is sufficient to maintain 
the vacancy concentration everywhere at its equi- 
librium value, it is not known for certain that such 
is the case. The dislocation density is certainly not 
adequate to prevent porosity in regions of high 
vacancy concentration. There is then the possibility 
of a vacancy concentration which is different from its 
equilibrium value and which will also be changing 
during the anneal. At the same time, there is the 
possibility of stresses influencing the rate of diffusion 
and of inhomogeneous plastic flow concurrent with 
the diffusion; and the latter may create additional 
vacancies and produce distorted lattice regions in 
which abnormal diffusion rates occur. These two 
factors are associated with the shrinkage 2nd ex- 
pansion that accompany chemical diffusion, and, 
together with the stresses arising from the interdiffu- 
sion of atoms of unequal size, will favour recrystalliza- 
tion and the enhancement of the grain-boundary 
diffusion contributions to the overali flow. It has 
also been suggested that ‘ double vacancies ’ may occur 
in regions of high vacancy concentration, and, since 
these would be more mobile than single vacancies, 
increased lattice-diffusion rates would result. 

It appears, therefore, that several factors may 
influence the course of chemical diffusion, many of 
them changing during diffusion and varying with the 
nature of the sample, and all difficult to determine 
separately. Many of the details of the operation of 
these features of chemical diffusion, and the effect 
they have in determining measured values of chemical 
interdiffusion coefficients and their variation with 
composition, remain matters for further experimental 
study, but their presence may well be connected with 
the often considerable disagreement between measure- 
ments made on the same system by different observers. 
Furthermore, as these factors vary during the course 
of an experiment, their presence also casts doubt on 
the validity of Fick’s law (equations (2) and (3)) as 
applied to chemical interdiffusion. Since the Kirken- 
dall effect and the phenomena associated with it 
increase as the difference in concentration between the 
two halves of a diffusion sample increases, the most 
reliable and reproducible chemical diffusion coefficient 
measurements should be those conducted with the 
smallest practicable concentration gradient. Measure- 
ments of the self-diffusion coefficients (D,* and D,*) 
of alloys are made under conditions in which a uniform 
and chemically homogeneous composition is main- 
tained throughout the experiment; consequently 
these measurements are free from all the additional 
and complicating factors that may influence the 
observed rates of diffusion (D, and D,), and their 
measurement, in the presence of a chemical concentra- 
tion gradient. They therefore have a distinct advan- 
tage over chemical interdiffusion measurements, in that 
they furnish data more suitable for theoretical inter- 
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pretation and thereby provide a better starting point 
for an understanding of alloy diffusion behaviour. 


Thermodynamic Theory 

The only alloy self-diffusion coefficient measure- 
ments made so far, those of Ag and Au in a 50 at.-% 
Au-Ag alloy, show that Dasg* is about 24 times 
greater than D,y*. But Dau* and Dag* are not 
equal respectively to Day and Dag, for the observed 
interdiffusion coefficient D of the same alloy is not 
equal to that given by equation (5) when the self- 
diffusion coefficients are written for D, and Dj. 
Detailed kinetic theories of self- and chemical diffusion 
show that there is no reason why D,* and D,* 
should be equal to D, and Dy, but a shorter discussion 
of the underlying cause of the difference may be made 
in thermodynamic terms. 

During a measurement of a self-diffusion coefficient 
D,*, the system remains chemically homogeneous and 
the ‘driving force’ for the measured diffusion flow 
arises solely from the gradient in radioactive concen- 
tration; D,* is then a measure of the rate at which 
a truly random migration of A atoms takes place. 
But in a determination of D,, when a gradient in 
chemical composition exists, there is an additional 
‘ driving force ’ for the diffusion flow; this force arises 
from the variation with composition of the internal 
energy of A atoms, solid solutions rarely being ideal. 
Superimposed on the random migration of atoms, there 
is an added tendency for atoms to migrate in a direc- 
tion such that the internal energy is reduced. This 
may assist or oppose the natural tendency for the 
alloy to become homogeneous that arises from a truly 
random migration alone, and in extreme cases of 
opposition will lead to ‘ uphill diffusion,’ a migration 
of material from places of lower to places of higher 
concentration. In fact, a few such cases are known. 
Thus, although D, and D,* both measure the rate 
of diffusion of A atoms under a unit concentration 
gradient, the conditions of the two experiments are 
such that equal (unit) concentration gradients do not 
provide equal driving forces for diffusion, and it is 
not surprising that D, and D,* differ. When this 
is taken into account, it is not difficult to show by 
simple thermodynamics that D, and D,* are related 
by the equation 

Da = Det(1 + wont), jdasieiediniad (7) 
where y, is the chemical activity coefficient of A 
atoms and N, is their fractional concentration, at 
which D, and D,* are measured. The bracketed 
term is often referred to as the ‘thermodynamic 
factor ’; it is most important at high concentrations 
but is usually negligible in dilute alloys. 

When comparing the diffusion behaviour of different 
systems, it is theoretically more correct to compare 
the rates of flow of the diffusing species under equal 
driving forces per atom, rather than in terms of the 
conventional diffusion coefficients. A convenient 
measure of the driving force, used in the derivation 
of equation (7), is the chemical potential gradient, and 
it may be shown that the so-called ideal diffusion 
coefficient DF, which is related to a unit chemical 
potential gradient, may be obtained from the con- 
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ventional diffusion coefficient defined by equation (1), 
by means of the simple relation 


DFE = Dal(1 4 nt) basen yehabiaiii (8) 


dlogNa 
Thus, D,F¥ = D,*. 

The variation of diffusion coefficients with composi- 
tion is due, at least in part, to the variation of the 
thermodynamic factor with composition. In other 
words, D,¥¥ varies less with composition than does 
Dy. For carbon diffusing in «-Fe, for example, D¥¥ 
is almost independent of composition. 

For Au—Ag alloys, the coefficient D calculated from 
equation (5), using values of Da, and Day obtained 
from equation (7), agrees quite well with the directly 
measured value. Also, with the same values of Dau 
and Dag equation (6) gives for the interface shift a 
value close to that actually observed. So far, however, 
this constitutes the only experimental evidence avail- 
able in support of equations (7) and (8). A more 
thorough thermodynamic treatment of chemical dif- 
fusion leads to these results only if it can be assumed 
that the vacancies responsible for the diffusion are 
everywhere maintained in thermodynamic equilibrium 
with the lattice, and that the driving force acting on 
each species of atom arises solely from the chemical 
potential gradient of that species (i.e., that there is 
no contribution to the diffusion flow of one component 
arising from the chemical potential gradient of the 
other components through interaction between the 
several species). No completely satisfactory theoretical 
treatment, on a kinetic basis, has yet been made to 
justify both these assumptions, so that equations 
(7) and (8) should for the present be regarded as 
only approximately true. A more extensive experi- 
mental examination of their validity would be very 
welcome, for any departure of the relation between 
D, and D,* from that expressed by equation (7) 
would be interesting and useful in elucidating the 
details of the diffusion process in substitutional alloys. 

Since D,* has the more simple and direct signifi- 
cance, and since the relation to it of D, has not yet 
been altogether established, there is a further advan- 
tage, in addition to the more important ones discussed 
in the last section, in studying the diffusion behaviour 
of alloys by measuring D,* rather than D,. 





THE MECHANISM OF DIFFUSION 


It is always accepted that the diffusion of solute 
atoms in interstitial solid solution occurs by successive 
jumps of the solute atoms from one interstitial position 
to another adjacent position, for it is difficult to 
imagine any alternative. For substitutional solid 
solutions, however, several possible mechanisms have 
been considered and discussed in the literature. An 
atom may diffuse by exchanging positions with a 
nearest neighbour, the two atoms squeezing past one 
another in the process. This may be regarded as a 
special case (n = 2) of what is termed ‘ring diffusion,’ 
where a number n of atoms, lying on a ring so that 
each is a nearest neighbour of the one before and 
the one after it, diffuse simultaneously by syn- 
chronous movement round the ring. Also, a small 
number of atoms might occupy interstitial positions 
in the lattice, and these may be responsible for 
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diffusion by moving on to adjacent lattice sites, 
pushing the atoms occupying them on to other 
adjacent interstitial sites. Finally, it may be that 
not all the lattice sites of a crystal are occupied by 
atoms and that diffusion occurs through movement 
of atoms on to adjoining vacant sites. Such move- 
ments only displace the vacancies, which therefore 
remain permanently available as agencies for diffusion. 

All three mechanisms of diffusion lead to a depen- 
dence of D on temperature as given by equation (4), 
in which, as might be expected, the theoretical values 
of D, and Q vary with the model chosen. For vacancy 
diffusion Q is the sum of two terms—the energy 
required to create a vacant site in the lattice, and 
the energy required to move an atom on to a vacant 
site. A direct quantum mechanical calculation of 
these quantities has been made for pure copper, and 
this gives a value for Q (the activation energy for its 
self-diffusion) that agrees with the observed value 
more closely than do the corresponding values 
of Q calculated assuming any of the other mechanisms 
of diffusion. However, considering these calculations 
alone it appears that a 4-ring diffusion process is in 
close competition with the vacancy mechanism—a 
point of some relevance, in view of the many approxi- 
mations used. But a ring process could never lead 
to the now well-confirmed Kirkendall effect in face- 
centred cubic alloys, so it is now generally accepted 
that diffusion in close-packed face-centred cubic 
structures occurs mainly by the vacancy mechanism. 

Other evidence is consistent with this conclusion. 
For example, the increased diffusion rates sometimes 
observed in materials that have been quenched from 
a high temperature before the diffusion anneal are 
readily interpreted as due to the high concentration 
of vacancies in equilibrium at the elevated tempera- 
ture, being partially retained after the quench. By 
using an internal friction method, which allows 
measurements of the diffusion coefficient to be made 
in a short time compared with the relaxation time 
of the vacancy concentration, the return of the 
diffusion coefficient to its normal value may be 
observed as the vacancies return to equilibrium with 
the lattice. No such effects would be observed if ring 
diffusion were the predominant mechanism. 

Calculations similar to those for copper have been 
made for the alkali metals, and suggest that self- 
diffusion in these metals occurs by a type of inter- 
stitial mechanism. The activation energy calculated 
for this process agrees very roughly with that found 
experimentally. 

Tentative evidénce has been put forward for a 
ring-diffusion mechanism in other non-close-packed 
metals such as tungsten and «-iron. If this is the 
process, there will clearly be no Kirkendall effect in 
alloys of this structure, but the question has not yet 
been examined experimentally. 


THEORY OF DIFFUSION 


A full theory of diffusion must account, in terms 
of other properties of the lattice, for the observed 
values of D, Dy, and Q, for both lattice and grain- 
boundary diffusion, and should be capable of pre- 
dicting the diffusion behaviour of any given system. 
Such a theory is at present a very long way from 
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being established, a fact which may be attributed 
partly to an incomplete knowledge of the details of 
diffusion processes, particularly in concentrated solid 
solutions, but also to the dearth of reliable diffusion 
data available for testing the validity of any theoreti- 
cal relations proposed. 


Grain-Boundary Diffusion 


No attempt has yet been made to obtain theoretical 
expressions for the rates of grain-boundary diffusion; 
only recently have reliable means been developed for 
quantitative measurements of D,», and extensive 
application of these methods to a wide range of 
systems has still to be made. The fact that D,, and 
Q,» become equal to the corresponding lattice values 
in low-angle grain boundaries indicates that the arrays 
of single and distinguishable dislocations that may be 
regarded as composing such grain boundaries offer 
no special facilities for increased diffusion rates. 
Evidently, however, such facilities are provided in the 
more disordered structures of higher-angle grain 
boundaries, which are no longer representable as 
arrays of dislocations but rather as a pattern of 
regions of good and bad lattice fit, for in such boun- 
daries D,, is always greater than D, and Q,» is always 
less than Qj. 


Lattice Diffusion 


There have been many attempts to interpret 
theoretically the observed rates of lattice diffusion. 
The fair agreement between theoretical and experi- 
mental activation energies for self-diffusion in copper 
and in sodium has already been mentioned. No 
similar calculations of activation energies have yet 
been made for diffusion in interstitial solid solution 
or in substitutional alloys. 

Until recently, attempts to interpret the observed 
values of D, met with little success, the only achieve- 
ment being a very rough agreement between the order 
of magnitude of theoretical and experimental results. 
Disquieting features of the problem are the very wide 
range covered by values of Dy for the various systems 
investigated and the fact that values of D, reported 
by different investigators of the same system often 
differ very appreciably, sometimes by factors of ten. 
However, the newly developed internal-friction 
methods mentioned above have been used to extend 
the measurements of D in interstitial solid solution 
over a much wider temperature range than hitherto, 
and without the disadvantages referred to on p. 230; 
this has led to very accurate values of Dy and Q. 
Prompted by this important development, renewed 
attention has recently been given to the lattice-dif- 
fusion (Dy) theory, and an expression has been derived 
which gives values for interstitial diffusion that agree 
fairly well with those found experimentally. The same 
theory has been successful in interpreting the observed 
values of Dy for self-diffusion in pure metals, but 
most of the values of D, for diffusion in substitutional 
alloys appear to be very much lower than this theory 
in its present form can possibly allow. 

Although the theory has not been fully developed 
for alloy diffusion, it is difficult to see what extensions 
of it could remove the often very considerable dis- 
crepancies between experimental values of D, and 
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the theoretically permissible range of values. It is 
therefore interesting to note that any effects which 
produce at low temperatures an overall diffusion rate 
greater than that corresponding to true lattice dif- 
fusion, with a lesser tendency to do so at high tem- 
peratures, will lead to abnormally low values of D, 
and Q when values of logD for both high and low 
temperatures are plotted against 1/7’. One such effect 
derives from grain-boundary diffusion, but many of 
the other features of a Kirkendall effect, e.g., the 
persistence of a non-equilibrium vacancy concentra- 
tion, might also be more important at low tempera- 
tures. 

Since abnormally low values of D, are much more 
prevalent from chemical-diffusion than from self- 
diffusion measurements, it seems that some effects 
associated with a chemical concentration gradient are, 
in fact, important in producing them. This is con- 
firmed by recent measurements of chemical-diffusion 
rates which were made using extremely small concen- 
tration gradients and yielded theoretically acceptable 
values of Dy. The same is true also of the few values 
of Dy derived from measurements of self-diffusion 
rates in alloys. 

If the foregoing suggestion of the origin of abnor- 
mally low values of D, is correct, the reported values 
of Q are also lower than those corresponding to true 
lattice diffusion. An often-quoted generalization that 
Q for low-concentration solute diffusion in a solvent is 
always appreciably less than that for self-diffusion 
of the pure solvent therefore requires further examina- 
tion. There is already a little experimental evidence 
to suggest that it might not be true, based on the 
experiments with extremely dilute solid solutions. 
This generalization has important consequences in 
connection with the details of the vacancy diffusion 
mechanism, so that a proper investigation of its true 
validity would be of some importance. 

Attempts have also been made to relate D, Dp, 
and Q, often without recourse to any particular 
mechanism or model for the diffusion process, to those 
other properties of the diffusing species to which they 
might be related, such as relative atomic sizes, melting 
points, lattice binding energies, mutual solid solu- 
bilities, etc. For example, it is often found that the 
diffusion rate of any given solute atom at a particular 
temperature is smaller as the melting point of the 
solvent rises, and that the diffusion rates of a series 
of solutes in the same solvent increase in the same 
order as the difference in size between solute and 
solvent atom. These and many other similar correla- 
tions that have been noted are successful in showing 
that such quantities do play a part in determining 
diffusion rates, but the exact relationships remain 
obscure, for many exceptions can generally be found 
to most correlations claimed. Once again, more 
reliable experimental data would probably lead to 
greater success in studying the influence of these and 
other properties on diffusion rates. The quantities 
D,F¥ given by equation (8) should preferably be 
employed in such studies. 


FUTURE WORK 


In this brief review, several aspects of the problem 
of diffusion that need further experimental study 
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have been mentioned, but the progress towards a 
fuller understanding of diffusion in metals is probably 
hampered mainly by the lack of reliable quantitative 
experimental data. Really accurate diffusion-coeffi- 
cient measurements require a high degree of experi- 
mental skill if large errors are to be avoided. Results 
even within the same series of measurements by one 
observer often show an irreproducibility that is quite 
unknown in measurements of other physical quanti- 
ties. In addition to these large experimental errors, 
however, there is a further unreliability and lack of 
significance in the results that derives from one or 
more of the less obvious causes discussed on p. 230. 
With the now fuller knowledge of some of the complexi- 
ties of diffusion in metals, it would appear that true 
lattice diffusion, by which is meant diffusion un- 
influenced by concomitant changes in the lattice in 
which it is taking place, is measured only in experi- 
ments where the chemical gradient is as small as 
possible and where the contribution to the overall 
diffusion flow from grain-boundary diffusion is made 
negligible, usually by the use of single-crystal or 
sufficiently coarsely polycrystalline material. (The 
lower the temperatures to which measurements are 
extended, the larger should be the grain size.) For 
the study of lattice diffusion the following lines of 
work would then be most profitable: 

(i) Measurement or more accurate measurement 
of self-diffusion coefficients. (Even for this simplest 
of diffusion processes there are appreciable dif- 
ferences in the values of D, and Q given by different 
workers for the same metal. The experiments on 
copper are perhaps the most notorious in this 
respect, but those on silver show that reproducible 
results can be obtained by suitable care and 
attention to detail.) 

(ii) Measurement of diffusion coefficients of 
solute atoms in very dilute solid solution, most 
conveniently made using radioactive tracers. 

(iii) Measurement, as a function of concentration, 
of the self-diffusion coefficients of solute and solvent 
atoms in chemically homogeneous alloys. 


Such measurements would provide the most unobjec- 
tionable material for extending our knowledge of the 
nature and details of the diffusion process in metals 
and for studying the importance of other physical 
properties in determining diffusion rates. 

In addition to the advantages of a very low or zero 
chemical concentration gradient, these methods have 
the merit of simplicity in that quantities of direct 
theoretical significance are obtained without the need 
to apply thermodynamic corrections (p. 233), that 
individual or partial diffusion coefficients are being 
separately measured (p. 231), and that variation of D 
with concentration is irrelevant in the analysis of the 
measurements so that the disadvantages of the 
Matano-Boltzmann solution of equation (2) are 
avoided. 

In the light of the knowledge derived from such 
experiments, the observed rates of diffusion down an 
appreciable chemical concentration gradient (the case 
of greatest practical importance) will be more readily 
understood, and the part played in determining these 
rates by the complicating phenomena associated with 
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a concentration gradient will be more readily ascer- 
‘tained. Ordinary diffusion between two dissimilar 
metals is a far more complicated process than is often 
realized, and there is much to be said for studying it 
first under the simplest possible conditions, although 
such conditions may be somewhat removed from those 
of more practical interest and application. 
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Simplified Construction of Heat Balances for 


the Blast-Furnace Process 


By 
S. Klemantaski, Ph.D., D.I.C., A.R.C.S. 


SYNOPSIS 


The blast-furnace process has been broken down into a number of sub-processes, and the associated thermal and material 
changes have been tabulated. On the basis of this tabulation, the data fcr constructing heat balances by stages for any 
combination of sub-processes can be calculated simply. The relationship between blast temperature and moisture on the one 


hand and the theoretical flame temperature and tuyere-gas heat contents on the other are shown graphically. 


A simple 


calculating device is described which, on the basis of this arrangement of data. partly mechanizes the construction of a graphical 


heat balance by stages. 


BLAST-FURNACE heat balance by stages may be 

defined as the presentation of the heat require- 

ments and heat availabilities of the process at all 
relevant temperatures. Graphical presentation is 
most convenient ; this involves plotting against tem- 
perature the heat required by the charge as it is 
heated and reacts and the heat made available by the 
gases as they cool (see Fig. 1). The method was 
described by Reichardt* in 1927, but comparatively 
little use has been made of it, possibly because of the 
heavy computational work involved. Recently, the 
subject was comprehensively discussed by Daws and 
Ridgiont, who greatly simplified the procedure by 
tabulating heats of reaction and sensible heats and 
by working out conventions for dealing with the 
thermal and material changes associated with reactions. 
Nevertheless, the computational work involved in 
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drawing up a heat balance by stages remained heavy. 
In the present paper, for which much of the initial 
data was obtained from the paper by Daws and 
Ridgion, further simplifications of procedure are 
proposed. 


TABULATION AND USE OF DATA FOR OBTAINING 
A GRAPHICAL HEAT BALANCE 

The reactions and changes in composition and heat 
content likely to be involved in the blast-furnace 
process have been grouped into sub-processes, various 
combinations of which can cover a large range of 
operating conditions. In Table I, the thermal and 
material changes associated with each of the sub- 
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Fig. 1—Graphical heat balance by stages 
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processes have been tabulated with respect to tem- 
peratures and materials. The Daws-—Ridgion con- 
ventions used in the calculation of data for this Table 
may be summarized as follows : 

(i) In calculating reaction heat-effects, it is assumed 
that they are linear functions of temperature over the 
appropriate temperature range* 

(ii) In calculating sensible heats, it is assumed that 
the reaction takes place at the mid-temperature of 
the appropriate temperature range*. 

To show how these sub-process totals are obtained, 
the items for the sub-process FeO ©°ke © (the direct 
reduction of FeO, e.g., in magnetite, by coke carbon) 
are given in Table II with some explanatory notes. 

The extent to which a sub-process takes place is 
most conveniently specified by the weight consumed 
or produced of any of the materials involved in it. 
The ratio of this weight to the weight of the chosen 
material given in the appropriate column in Table I 
is the factor by which each of the numbers in that 
column must be multiplied to get the actual sub- 
process totals. For example, if the FeO ©¢ © sub- 
process were assumed to take place to the extent of 
contributing 0-950 g. to the iron in the pig iron, the 
heat requirements in calories to 200, 400 ....... 
1500° C. would be 


* The reaction-temperature ranges may be deduced 
from a study of the data in Table I and the mid-tempera- 
tures from Table IV. 





0-950 0-950 0-950 
00777” 90 x oT °° 901 x 0.777" 


respectively ; the contribution to iron in the pig iron 
would similarly be 


45 xX 


0-950 
0-777 





0-777 x 2 ete. 

For a combination of sub-processes, 7.e., for a 
‘process,’ these products must be added ‘ by tem- 
perature ’ and ‘ by material.’ Thus, if the sub-pro- 
cess just considered were accompanied by the sub- 
process ‘coke C for tuyeres’ involving 0-500 g. of 
carbon, the heat requirements for such a hypothetical 
process to 200,400 ..... 1500° C. would be 


0-950 .. 0-500 0-950 - . 0-500 
0-777 + © X T9090" 8 * O77 + 19 X To0O 


0-950 a 0-500 
. 901 x 0-777 + 590 x 1-000 


45 x 


Similar equations would be obtained for the other 
changes associated with the process. 

To complete the data for the heat requirements, the 
slag heats and temperatures of formation and meltingt 
must be decided, and the heats must be added to each 
of the previously obtained heat-requirement totals 





+ Not dealt with in the present paper. 


Table II 


THERMAL AND MATERIAL QUANTITIES INVOLVED IN THE SUB-PROCESS FeO ——.. Fe, 
PER GRAMME OF FeO 


Coke C 



































Heat Requirements, cal. 
Temp., ° C. 
F Sensible Heat Heat of Reaction Sensible Heat Sensible Heat Sub-Process 
FeO FeO_~ Fe* Fe Cc Totals 
200 35 0 0 10 45 
400 72 0 0 18 90 
500 90 0 0 24 114 
550 100 0 0 27 127 
600 109 0 0 30 139 
700 128 0 0 37 165 
750 138 0 0 40 178 
800 148 0 0 44 192 
900 168 0 0 52 220 
950 178 0 0 56 234 
1000 188 0 0 60 248 
1100 208 0 0 68 276 
1200 228 0 0 75 303 
1300+ 249 249 16 83 597 
1350 249 373 30 83 735 
1400 249 497 af 83 873 
1450 249 497 58 83 887 
1500 249 497 72 83 901 
Contribution, g., to: ‘Fe in metal’ 0-777 
‘ Metal’ 0-777 
‘Fe oxide oxygen removed’ 0-223 
‘FeO reduced’ 1-000 
‘Fe oxide oxygen removed by coke C’ 0-223 
‘Coke C used’ 0-167 
‘ Change in CO in gas’ 0-389 
Heat influx to gas phaset at 1300°C.+, 139 cal. 
* Assumed to proceed as a linear function of temperature over the range 1200-1400° C. 
+ Mid-temperature of the reaction temperature range (the ‘ mid-temperature ’) 
t Due to evolution of CQ. Since the gas is a resultant, the temperature is the ‘ mid-temperature’ 
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at and above these temperatures. The final totals, 
corrected for slag and metal temperatures and plotted 
against temperature, give the ‘charge line’ of the 
graphical heat balance by stages (see Fig. 1). 

The other part of the graphical heat balance by 
stages is the line representing the heat given up by the 
gases as they cool (the ‘ gases’ line in Fig. 1). To 
enable this to be drawn, the total gas-heat content at 
each temperature and the heat influxes to the gases 
must be known. Heat contents for l-g. weights are 
shown in Table III*, from which the gas-heat content 
at any temperature may be found if the composition 
is known. The composition of gas at the tuyeres 
is found from Table I, and the changes produced by 
reactions are found from Table IV. Table IV is an 
extension of Table I, the numbers being treated in the 
same way. The total heat content of the tuyere 
gases H, is found with the aid of Fig. 2. Then, the 
heat given up by the gases above a given temperature 
is 

H; — total gas-heat content at that temperature 
fa all heat influxes into the gas at higher tempera- 
ures. 


The Daws-Ridgion convention on heat influxes 
is that, when the gas is a reactant, the temperature of 
the influx is that of the gas corresponding to the mid- 
temperature (the temperatures shown in Table I) of 
the appropriate reactions. To find this influx tem- 
perature, an approximate gas line is drawn. Then, 





* Data from Daws and Ridgion (loc. cit.). 





A Heat content of tuyere gases | noisture given 2800 
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Fig. 2—Heat content of tuyere gases per gramme of 
carbon, and theoretical flame temperatures for 
various blast temperatures and moisture contents. 
Parts of lines involving theoretical flame tempera- 
tures above 2000°C. must be considered approxi- 
mate. 
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Table III 


HEAT CONTENTS ABOVE 0° C.,* 
CALORIES/GRAMME 








oe N; co co, CH, H, (ans 
100 24 25 21 55 344 45 
200 49 50 46 118 689 90 
300 74 76 69 191 1037 137 


400 100 102 96 271 1386 185 
500 125 129 123 359 1734 235 
600 152 156 151 455 2087 286 
700 178 184 180 556 2442 340 
212 210 664 2802 395 

900 232 240 239 778 3166 452 
1000 260 269 271 896 3533 510 





1100 288 298 3902 569 
1200 316 328 4287 629 
1300 345 358 4670 691 
1400 374 388 5057 755 
1500 403 419 5448 819 
1600 433 451 5842 884 
1700 463 483 6242 952 
1800 493 515 6653 1019 
1900 524 547 7061 1086 
2000 555 580 7473 1156 


























* The temperature from which the charge is assumed to be heated 


since the influx depends on the temperature at which 
it takes place, the influx sub-process totals are 
corrected with the aid of the notes to Table I. The 
theoretical flame temperature, 7.e., that corresponding 
to zero heat given up by the gases, is found from Fig. 2. 

In many cases, sufficient accuracy is obtained by 
drawing in the gas line as a straight line of slope 


H; + total heat influxes cal./°C 
theoretical flame temperature ~“' ~ 


For this reason, the gas-line calculating operations 
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(a) Slide under —— | 
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Line on 
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i base line —"Y 
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Fig. 3—Diagram to show principle of calculating 
machine : (a) Slide at zero setting ; (b) slide moved 
through distance AC, proportional to extent of 
sub-process 
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have not been simplified to the same extent as those 
for the charge line. 


THE CALCULATOR 


The calculating device is constructed on the 
following principle (see Fig. 3). Rectangular strips 
of cardboard are laid side by side on a flat sur- 
face and are covered with a sheet of celluloid. The 
strips can be moved in the direction of their lengths, 
and will therefore be referred to as ‘slides.’ Each 
slide has a scale at one end which, together with a mark 
on the celluloid, enables the movement to be measured. 
Base lines are drawn on the slides accurately parallel 
to the direction of movement. There is a slide for 


each column of Table I, 7.e., each slide corresponds to 
a sub-process. 

Suitably spaced straight lines cross the celluloid at 
right-angles to the direction of movement of the 
slides ; there is one line for each row of Table I, and 
each line corresponds to a given temperature or 
material. 

When the slides are set in their zero positions, 
a straight line AB drawn on the slide runs from each 
intersection of a line on the celluloid with a base line 
on the slide (A in Fig. 3a) at a slope determined by the 
corresponding figure in Table I. When the slide is 
moved a distance AC (Fig. 3b), proportional to the 
weight of material considered, a series of intercepts 
CD is formed, each representing the product of the 


























Table IV 
EFFECT OF REACTIONS ON GAS COMPOSITION, GRAMMES/GRAMME OF SUB-PROCESS INITIAL 
SUBSTANCES 
Effect on Gas Composition 
— Temp., °C. Reaction 
co co, H, H,O 
1 1450 0-933 mo 
2 1400 0-322 MnO (ex Mno,)°K°© 
3 1400 0-394 moons 
4 1300 0-350 FeO (ex Fe,0,) n° 
5 1300 0-242 FeO (ex FeCO,) ono 
6 1300 0-389 Feooe® 
7 950 0-987 Neca 
8 900 0-440 Caco, °° 
9 850 0-350 FeO (ex Fe,0,)°°? © 
10 850 0-242 FeO (ex FeCo,)*? ©, 
1 850 0-389 Feo’? © 
12 750 0-522 Msco, ©, 
13 500 0-380 FeCo, --?, 
14 450 1-000 | Combd. H,O > H,O¢g 
15 100 1-000 Moisture — H,Og 
Gas Temperature 
“Lana 
16 850 4-664 | —3-664 C (coke or dep) °°, 
17 750 —0-350 0-551 FeO (ex Fe,0,) <°., 
18 750 ~0-242 0-380 FeO (ex FeCo,) ~° , 
19 756 —0-389 | 0-612 a 
20 750 —0-0252 0-227 FeO (ex Fe,0,) _, 
21 750 —0-0174 | 0-156 FeO (ex FeCo,) @_, 
22 750 —0-0281 0-251 Feo ™_, 
23 550 ~0-175 0-276 Fe,0, °°, FeO 
24 550 —0-700 | 0-551 CO -> C (for line 9) 
25 550 —0-484 | 0-380 CO - C (for line 10) 
26 550 0-778 | 0-612 CO > C (for line 11) 
27 550 —4-664 3-664 CO — C (for tuyeres) 
28 550 —4-664 | 3-664 CO - C (for line 16) 
29 200 —0-322 | 0-506 MnO, -°2., MnO 
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Table I item and the weight of material. Where 
Table I shows a negative number, the base line lies 
along the right-hand side of the slide and the lines 
AB slope the other way. The scale of the intercept 
values CD is 1 mm.=10 cal. or 0-01 g. 

For a given combination of sub-processes, 7.e., for 
a given setting of the slides, there will be a number of 
intercepts lying along each line on the celluloid. For 
the summation of these distances, a thread is stretched 
by the side of each line on the celluloid (except those 
reserved for ‘non-additive ’ quantities, which have 
a scale along their lines on the celluloid) and can be 
moved longitudinally. The threads also pass over 
a sheet of graph paper, and a knot on each thread 
enables the extent to which a thread has moved to be 
measured. Using a pair of forceps provided with 
sights, a thread is gripped with the sights on the base- 
line end of an intercept (C in Fig. 3b) and moved (left 
to right for positive, right to left for negative numbers) 
until the sights reach the other end of the intercept 
(D in Fig. 3b), when the thread is released. This 
operation is repeated until all intercepts have been 
dealt with. The final displacement of each thread 
knot will be the algebraic sum of all the intercepts 
lying along the corresponding line on the celluloid. 
If the thread knots lie initially along a base line on the 
graph paper perpendicular to the threads, and the 
inter-thread distances for threads representing heat 
requirements are made to correspond to a temperature 
scale on this line, the final positions of the knots will 
give the points of the heat-requirements/temperature 
graph. 

A general view of the calculator is shown in Fig. 4. 
Its overall dimensions are : height 4 ft. 4 in., width 
10 ft. 3 in., and thickness 4 in. The whole device can 
be moved up and down in a steel framework with the 
aid of counterweights and pulleys. The slides move 
over panels of #-in. aluminium alloy, and the 
graph paper is pasted over }-in. Perspex. The ‘ sub- 
process ’ slides are in the left half, and the right half 
contains the graph paper and heat-content slides for 
carbon monoxide, nitrogen, and hydrogen ; sufficient 
space is available to include slides for carbon dioxide 
and water vapour. 

The slides consist of -in. aluminium strip, 
covered with thin white cardboard. Slide guides are 
attached to the panels, and the slides can be locked in 
any setting by fixing nuts near the slide scales. 

For constructional convenience, the lines on the 
celluloid are not continuous but are split up into 
separate lengths covering the individual slides. To 
avoid confusion, ten colours have been used in rotation 
for the threads and sloping lines, a thread and all the 
inclined lines corresponding to a given temperature 
or material having the same colour. Furthermore, 
where inclined lines would have been very congested, 
additional slide base lines have been drawn at different 
distances from the slide edge. The widths, the 
lengths of the scaled movements of the slides, and the 
maximal extents of their sub-processes are given in 














Fig. 4—The calculating machine 


the lower part of Table I. To keep the calculator to 
a practicable size and yet capable of dealing with a 
wide range of practice, it was sometimes necessary to 
modify the system of inclined lines. The slopes of 
some of these lines were made simple fractions of 
those required ; the operation of thread-moving then 
has to be repeated the appropriate number of times, 
and additional slide scales are provided to cover the 
various ranges, so that unnecessary loss of accuracy 
might be avoided. 

The threads for adding heat requirements, influxes, 
and material weights lie a few millimetres from the 
celluloid surface. Passing over relatively friction- 
free bearing surfaces at the extreme left of the cal- 
culator and the extreme right of the Perspex sheet, 
the threads are joined at the back of the calculator 
through steel springs that are strong enough to keep 
them taut. For the gas-heat content addition 
threads, the bearing surfaces are at the extreme right 
of the calculator and the left of the Perspex sheet. To 
prevent the two sets of threads from interfering with 
each other, gas temperatures 25° C. higher than each 
of the solid temperatures have been used, giving 
minimal gaps of 0-5 cm. between neighbouring threads; 
the temperature scale is 2 em. = 100° C. 

To help the drawing of the gas line of the heat 
balance, a Perspex sheet, movable horizontally with- 
out disturbing the threads, can be fitted over the part 
of the graph paper dealing with heat requirements. 
The  gas-heat-contents/temperature line, drawn 
accurately or on the assumption that it is straight, is 
marked in chinagraph pencil on the Perspex, which 
is then moved until this line is in the position, relative 
to the charge heat-requirement points and the tem- 
perature axis, required for the graphical heat balance 
by stages (see Fig. 1). 
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Microstructural Characteristics 
of Acid Corrosion 
in 18% Cr, 8-14% Ni, 


ICROSTRUCTURAL features in the attack by concen- 
trated nitric acid on titanium- and niobium- 
stabilized 18/8 chromium-nickel steels have been 

described in an earlier paper,! with particular reference 
to the effects of complex heat-treatments introduced 
during double welding. It was concluded that 
acceleration of corrosion was by grain-boundary 
attack and was related to chromium impoverishment 
by carbide precipitation. In this connection, boiling 
70% HNO, proved to be a much more drastic corrod- 
ing agent than the standard H,SO,/CuSO, test for 
susceptibility to intergranular attack, and _ steels 
effectively stabilized by titanium against the latter 
test and most service conditions were greatly inferior 
to niobium-stabilized steels in the nitric acid. Delta 
boundaries in the titanium-stabilized steels were 
particularly susceptible to attack. 

In later work with Ti- and Nb-stabilized 18/8-14 
Cr-Ni steels of varying carbon content,” tests were 
made in solutions of acetic, hydrochloric, and sul- 
phuric acids, as well as in boiling 659% HNOg, but, 
with steels satisfactorily stabilized against the H,SO,/ 
CuSO, reagent, only HNO, produced structurally 
selective attack. As in the earlier work, corrosion was 
particularly severe around § boundaries in the Ti- 
stabilized steels, but some degree of boundary attack 
is very general in such strong nitric-acid solutions, 
and even fully austenitic 18/13/1 Cr—Ni-Nb steel 
shows this effect.* 

These studies did not permit the effects of o 
formation to be observed, as none of the steels included 
showed any indication of the formation of this phase, 
even when heat-treatments of 8 hr. at 750° C. or 4 hr. 
at 850°C. were included. The corresponding Mo- 
bearing steels, containing 2-3°% of molybdenum, are 
more susceptible to o formation, particularly when 
about 0-5% of titanium is also present, as in the 
so-called 18/8/3/1 steel. Since o is known* 5 to be 
higher in chromium and molybdenum than the 
associated ferritic and austenitic phases, its formation 
must lead to depletion of surrounding material and 
is therefore likely to lead to some degree of increased 
loss by selective attack in acids. 

Smith and Bowen® found that the corrosion resis- 
tance of an 18/8/3/1 steel in 25°/, H,SO, at 40° C. fell 
when o was present, but they were uncertain whether 
this resulted from attack on o particles or on the 
ferrite matrix. Binder and Brown’ produced evidence 
for direct formation of o from austenite at the grain 
boundaries of fully austenitic Cr—-Ni—Mo steels, but 
the discussion of their paper again showed uncertainty 
as to whether accelerated attack in HNO, was due to 
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3% Mo Steels By 
H. T. Shirley, B.Sc., A.R.C.S. 


SYNOPSIS 

Microstructural characteristics of acid attack have been studied 
in relation to rates of corrosion for steels of the 18/8-14/3 Cr-Ni-Mo 
type, with and without additions of titanium or niobium. Tests 
were in nitric, sulphuric, and hydrochloric acid solutions, and the 
work has particular reference to the effects of heat-treatment. 
Differences in composition between austenite, delta, and sigma 
phases have been determined and are used to interpret corrosion 
behaviour. 

Using boiling 65° or 70° HNOs, acceleration of attack after 
varied heat-treatments was mainly from grain-boundary corrosion 
related to carbide and sigma precipitations, with a probable ad- 
ditional deleterious effect from titanium, where this was present. 

The only material showing immunity from the accelerating 
effects of heat-treatment in nitric-acid attack was an austenitic 
17/12/24 Cr-Ni-Mo-Nb steel, and in this respect niobium addition 
was greatly superior to titanium. 

The relatively high chromium and molybdenum contents of o 
give it a high acid resistance, but its formation correspondingly 
impoverishes surrounding material. With steels containing 5-30% 
of 5 phase, formation of o occurred within the 5, and continuity of 
impoverished material was insufficient to induce severe overall 
attack. By contrast, very severe attack on an almost fully aus- 
tenitic 17/12/24 Cr-Ni-Mo steel after 750-850° C. treatments is 
attributed to the formation of o at the austenite grain boundaries. 

Behaviour in sulphuric and hydrochloric acids depended on 
differences in phase behaviour rather than on boundary effects. 
The higher chromium and molybdenum and lower nickel contents 
of 6 compared with austenite in 18/8/3 Cr-Ni-Mo-Ti steel can lead 
to variation in degree, and even reversal, of selective attack, accord- 
ing to details of reagent concentration and temperature. Lowering 
of the molybdenum content in transformed 4, as a result of o for- 
mation, is considered to be a major cause of increased attack by 
sulphuric acid on this steel. No effect of heat-treatment on the 
sulphuric-acid resistance of the 17/12/24 Cr-Ni-Mo-Ti steel was 
noted. 776 


direct action on a fine precipitate of o or to attack 
on impoverished material from which it had formed. 
Fontana,’ reviewing the position, has stressed the 
need for much additional study of the corrosion 
aspects of o formation. 

These considerations, coupled with the fact that 
the Mo-bearing steels are specified for many of the 
more onerous conditions of service, indicated the 
desirability of extending the previous work to such 
materials, with particular attention to effects of o 
formation. 


EXAMPLES OF SELECTIVE ATTACK IN PRACTICE 


One of the earliest examples of selective attack 
in Cr—-Ni-Mo steel encountered by the author was in 
the descaling of plain 18/8/3 steel. It was found that 
1150° C., A.C., material emerged from certain acid 
baths with a powdery or flaking surface, which was 
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shown on detailed examination to be due to selective 
attack on the § constituent. This is illustrated in 
Fig. 1, taken from a section of 19 S.W.G. sheet having 
the composition: 
C, % Si, % Cr, % Ni, % Mo, % 
0-07 0-55 18-30 8-16 2 -62 
To exaggerate the effect, the sheet had been treated 
for 18 hr. at 70° C. in a 15 vol.-%% HCl-2 vol.-°4 HF 
bath.* A similar result was obtained in a 15/5 
H,SO,-HCl bath. On the other hand, a 10/5 HNO,- 
HF bath showed no sign of this selective attack. 
Analysis of surface scrapings from various samples 
after exposure to the HCI-HF bath showed a general 
tendency for rise in carbon and nickel with fall in 
chromium and molybdenum, through the loss of a 
proportion of the § phase; e.g.: 


Sheet Peelings 
Carbon, % 0-06 0-08 
Silicon, % 0-90 0-87 
Manganese, % 0-53 0-49 
Sulphur, % 0-031 0-032 
Phosphorus, % 0-033 0-028 
Chromium, % 18-35 17 -32 
Nickel, % 7°73 8-42 
Molybdenum, % 2°73 2°43 


Another case of selective attack on plain 18/8/3 
steel was that of a centrifugal bowl shell used for ten 
vears with diesel oil containing 34°% of H,SOQ,. 
General pitting had occurred, severe in places, and 
examination showed selective attack at the margins 
of the § phase (see Fig. 2). 

Composition of the steel was 0-08% C, 18-44% Cr, 
8-23% Ni, and 3-26% Mo. Examination of uncor- 
roded material showed that structural changes had 
occurred in the § margins, typical of material showing 
co precipitation. These marginal areas were removed 
by an 8-sec. treatment in boiling 359% H,SO,, as 
shown in Figs. 3a and b, leading to an appearance 
similar to that produced by the service attack. 
Solution-treating at 1050°C. followed by water- 
quenching removed the marginal breakdown, and 
selective attack in this region no longer occurred in 
the 35% H,SO, (see Fig. 3c). 

A particularly interesting case of selective attack 
was that shown by a cooling tube in 18/8/3/1 Cr—Ni- 
Mo-Ti steel. The precise service condition of this 
material in regard to heat-treatment was not kngvn, 
but it probably corresponded to a normal solution- 
treatment in the range 1050-1150° C. There was no 
indication of § breakdown or of any effect from 
precipitation heat-treatment, but considerable attack 
on the austenite had left the § as shown in Fig. 4a. 
The tube had been exposed to River Tees estuary 
water, consisting of two-thirds seawater with effluent 
and sewage at 20-60° C. 

Attack by various acid solutions was studied on 
polished sections of this material. Figure 4b shows 
that produced by 5 hr. in boiling 1% HCl; the § has 
been left standing out from the attacked austenite, 
as in the service attack. After a further 3-4 hr., these 
pieces of § were removed by undermining, leaving 
holes in the residual austenite. 





* Concentrations of these descaling baths, following 
works practice, are given as volume per cent. of concen- 
trated acids. All other solution strengths in the paper 
are in terms of weight/weight percentages of 100% acid. 
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An entirely opposite selective attack was produced 
by 30 sec. in boiling 35° H,SO, solution. In this 
case the 6 was preferentially attacked (see Fig. 4c), 
its eventual removal leading to a final appearance 
rather similar to that of the sample in 1° HCl. 

Boiling 70°, HNO, produced a third effect, giving 
the boundary attack associated with this reagent, but 
without any marked preference for § or austenite 
boundaries, so that grains of both were ultimately 
dislodged without special preference (see Fig. 4d). 

These varied effects are probably related to dif- 
ferences in the influence of alloying elements under 
active and passive conditions. Where conditions are 
such that these elements can confer passivity, attack 
will be reduced to low or negligible proportions, but 
if passivity breaks down they may even induce 
increased attack. A simple example is found in 
comparing the behaviour of 14% Cr steel and mild 
steel towards various acids. With passivity breakdown 
in 2-594 H,SO, at 20°C., the chromium steel lost 
0-08 g./sq. cm. in 24 hr., compared with 0-03 g./ 
sq. cm. for unalloyed steel. In 2-5°% H,PO, at 80° C., 
the mild steel again lost 0-03 g./sq. cm., but passivity 
was retained by the chromium steel with negligible 
loss. Phase differences in the steels forming the 
subject of the present paper are much more complex, 
but similar differences, according to the activating 
characteristics of the environment, are to be expected. 
General experience indicates that, under reasonable 
service conditions, differences between § and austenite 
phases in these steels in the solution-treated condition 
rarely lead directly to serious selective attack. Heat- 
treatments leading to precipitation or phase trans- 
formation can, however, greatly increase composition 
differences within the structure, and so lead to very 
damaging selective attack. 


EFFECTS OF COMPOSITION AND HEAT-TREAT- 
MENT ON OVERALL RESISTANCE 

Before considering microstructural features, it was 
desirable to check the practical importance of the 
effects of composition and heat-treatment by deter- 
mining the overall losses in ordinary corrosion tests. 
A series of such tests was, therefore, carried out on 
the steels listed in Table I, and the results are sum- 
marized in Tables II and III. These steels were 
chosen to provide a range of § contents in the Ti- 
bearing series, and to give comparison with plain 
18/8/3 steel and a corresponding Nb-stabilized steel. 

Table II gives results for six of the steels in a 
two-cycle Huey-type test, after varying heat-treat- 
ments. The samples had a surface area of 15 sq. cm. 
and were tested individually in 250 ml. of 65°, HNO, 
under open reflux condensers. Heat-treatments at 
650° and 750° C. were included to enable both carbide 
and o effects to be studied. 

Steels B and C, with 30% and 5% of § respectively, 
show very considerable acceleration from the 650° C. 
treatment with a definite, but much smaller, effect 
under 750° C. treatment. The slight increase in attack 
on samples air-cooled from 1050° C., compared with 
water-quenched samples, presumably reflects the 
slower cooling of the former. 

Steel D, with 12% of nickel and under 1% of 8, 
showed complete reversal of the 650-750° C. position; 
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Microstructural Characteristics 
of Acid Corrosion 
in 18% Cr, 8-14% Ni, 


ICROSTRUCTURAL features in the attack by concen- 
trated nitric acid on titanium- and niobium- 
stabilized 18/8 chromium-nickel steels have been 

described in an earlier paper,! with particular reference 
to the effects of complex heat-treatments introduced 
during double welding. It was concluded that 
acceleration of corrosion was by grain-boundary 
attack and was related to chromium impoverishment 
by carbide precipitation. In this connection, boiling 
70% HNO, proved to be a much more drastic corrod- 
ing agent than the standard H,SO,/CuSO, test for 
susceptibility to intergranular attack, and _ steels 
effectively stabilized by titanium against the latter 
test and most service conditions were greatly inferior 
to niobium-stabilized steels in the nitric acid. Delta 
boundaries in the titanium-stabilized steels were 
particularly susceptible to attack. 

In later work with Ti- and Nb-stabilized 18/8-14 
Cr-Ni steels of varying carbon content,” tests were 
made in solutions of acetic, hydrochloric, and sul- 
phuric acids, as well as in boiling 659% HNOg, but, 
with steels satisfactorily stabilized against the H,SO,/ 
CuSO, reagent, only HNO, produced structurally 
selective attack. As in the earlier work, corrosion was 
particularly severe around § boundaries in the Ti- 
stabilized steels, but some degree of boundary attack 
is very general in such strong nitric-acid solutions, 
and even fully austenitic 18/13/1 Cr—-Ni-Nb steel 
shows this effect. 

These studies did not permit the effects of o 
formation to be observed, as none of the steels included 
showed any indication of the formation of this phase, 
even when heat-treatments of 8 hr. at 750° C. or 4 hr. 
at 850°C. were included. The corresponding Mo- 
bearing steels, containing 2-39 of molybdenum, are 
more susceptible to o formation, particularly when 
about 0-5% of titanium is also present, as in the 
so-called 18/8/3/1 steel. Since o is known* ® to be 
higher in chromium and molybdenum than the 
associated ferritic and austenitic phases, its formation 
must lead to depletion of surrounding material and 
is therefore likely to lead to some degree of increased 
loss by selective attack in acids. 

Smith and Bowen found that the corrosion resis- 
tance of an 18/8/3/1 steel in 259% H,SO, at 40° C. fell 
when o was present, but they were uncertain whether 
this resulted from attack on o particles or on the 
ferrite matrix. Binder and Brown’ produced evidence 
for direct formation of o from austenite at the grain 
boundaries of fully austenitic Cr—-Ni—Mo steels, but 
the discussion of their paper again showed uncertainty 
as to whether accelerated attack in HNO, was due to 
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3% Mo Steels By 
H. T. Shirley, B.Sc., A.R.C.S. 


SYNOPSIS 

Microstructural characteristics of acid attack have been studied 
in relation to rates of corrosion for steels of the 18/8-14/3 Cr-Ni-Mo 
type, with and without additions of titanium or niobium. Tests 
were in nitric, sulphuric, and hydrochloric acid solutions, and the 
work has particular reference to the effects of heat-treatment. 
Differences in composition between austenite, delta, and sigma 
phases have been determined and are used to interpret corrosion 
behaviour. 

Using boiling 65% or 70% HNOs, acceleration of attack after 
varied heat-treatments was mainly from grain-boundary corrosion 
related to carbide and sigma precipitations, with a probable ad- 
ditional deleterious effect from titanium, where this was present. 

The only material showing immunity from the accelerating 
effects of heat-treatment in nitric-acid attack was an austenitic 
17/12/23 Cr-Ni-Mo-Nb steel, and in this respect niobium addition 
was greatly superior to titanium. 

The relatively high chromium and molybdenum contents of o 
give it a high acid resistance, but its formation correspondingly 
impoverishes surrounding material. With steels containing 5-30% 
of 5 phase, formation of o occurred within the 5, and continuity of 
impoverished material was insufficient to induce severe overall 
attack. By contrast, very severe attack on an almost fully aus- 
tenitic 17/12/2} Cr-Ni-Mo steel after 750-850° C. treatments is 
attributed to the formation of o at the austenite grain boundaries. 

Behaviour in sulphuric and hydrochloric acids depended on 
differences in phase behaviour rather than on boundary effects. 
The higher chromium and molybdenum and lower nickel contents 
of 5 compared with austenite in 18/8/3 Cr-Ni-Mo-Ti steel can lead 
to variation in degree, and even reversal, of selective attack, accord- 
ing to details of reagent concentration and temperature. Lowering 
of the molybdenum content in transformed 4, as a result of o for- 
mation, is considered to be a major cause of increased attack by 
sulphuric acid on this steel. No effect of heat-treatment on the 
sulphuric-acid resistance of the 17/12/24 Cr-Ni-Mo-Ti steel was 
noted. 776 


direct action on a fine precipitate of o or to attack 
on impoverished material from which it had formed. 
Fontana,® reviewing the position, has stressed the 
need for much additional study of the corrosion 
aspects of o formation. 

These considerations, coupled with the fact that 
the Mo-bearing steels are specified for many of the 
more onerous conditions of service, indicated the 
desirability of extending the previous work to such 
materials, with particular attention to effects of o 
formation. 


EXAMPLES OF SELECTIVE ATTACK IN PRACTICE 


One of the earliest examples of selective attack 
in Cr—Ni-Mo steel encountered by the author was in 
the descaling of plain 18/8/3 steel. It was found that 
1150° C., A.C., material emerged from certain acid 
baths with a powdery or flaking surface, which was 
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shown on detailed examination to be due to selective 
attack on the § constituent. This is illustrated in 
Fig. 1, taken from a section of 19 S.W.G. sheet having 
the composition: 
C, % Si, % Cr, % Ni, % Mo, % 
0-07 0-55 18-30 8-16 2-62 
To exaggerate the effect, the sheet had been treated 
for 18 hr. at 70° C. in a 15 vol.-°% HCl-2 vol.-°4 HF 
bath.* A similar result was obtained in a 15/5 
H,SO,-HCl bath. On the other hand, a 10/5 HNO,- 
HF bath showed no sign of this selective attack. 
Analysis of surface scrapings from various samples 
after exposure to the HCI-HF bath showed a general 
tendency for rise in carbon and nickel with fall in 
chromium and molybdenum, through the loss of a 
proportion of the § phase; e.g.: 


Sheet Peelings 
Carbon, % 0-06 0-08 
Silicon, % 0-90 0-87 
Manganese, % 0-53 0-49 
Sulphur, % 0-031 0-032 
Phosphorus, |? % 0-033 0-028 
Chromium, % 18-35 17-32 
Nickel, % 7:73 8-42 
Molybdenum, % 2°73 2°43 


Another case of selective attack on plain 18/8/3 
steel was that of a centrifugal bowl shell used for ten 
years with diesel oil containing 34% of H,SQ,. 
General pitting had occurred, severe in places, and 
examination showed selective attack at the margins 
of the § phase (see Fig. 2). 

Composition of the steel was 0-08% C, 18-44% Cr, 
8-23% Ni, and 3-26% Mo. Examination of uncor- 
roded material showed that structural changes had 
occurred in the § margins, typical of material showing 
o precipitation. These marginal areas were removed 
by an 8-sec. treatment in boiling 35% H,SO,, as 
shown in Figs. 3a and }, leading to an appearance 
similar to that produced by the service attack. 
Solution-treating at 1050°C. followed by water- 
quenching removed the marginal breakdown, and 
selective attack in this region no longer occurred in 
the 35% H,SO, (see Fig. 3c). 

A particularly interesting case of selective attack 
was that shown by a cooling tube in 18/8/3/1 Cr—Ni- 
Mo-Ti steel. The precise service condition of this 
material in regard to heat-treatment was not known, 
but it probably corresponded to a normal solution- 
treatment in the range 1050-1150° C. There was no 
indication of § breakdown or of any effect from 
precipitation heat-treatment, but considerable attack 
on the austenite had left the 3 as shown in Fig. 4a. 
The tube had been exposed to River Tees estuary 
water, consisting of two-thirds seawater with effluent 
and sewage at 20-60° C. 

Attack by various acid solutions was studied on 
polished sections of this material. Figure 4b shows 
that produced by 5 hr. in boiling 1% HCl; the § has 
been left standing out from the attacked austenite, 
as in the service attack. After a further 3-4 hr., these 
pieces of § were removed by undermining, leaving 
holes in the residual austenite. 





* Concentrations of these descaling baths, following 
works practice, are given as volume per cent. of concen- 
trated acids. All other solution strengths in the paper 
are in terms of weight/weight percentages of 100% acid. 
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An entirely opposite selective attack was produced 
by 30 sec. in boiling 35°4 H,SO, solution. In this 
case the § was preferentially attacked (see Fig. 4c), 
its eventual removal leading to a final appearance 
rather similar to that of the sample in 1% HCl. 

Boiling 70°, HNO, produced a third e fect, giving 
the boundary attack associated with this reagent, but 
without any marked preference for § or austenite 
boundaries, so that grains of both were ultimately 
dislodged without special preference (see Fig. 4d). 

These varied effects are probably related to dif- 
ferences in the influence of alloying elements under 
active and passive conditions. Where conditions are 
such that these elements can confer passivity, attack 
will be reduced to low or negligible proportions, but 
if passivity breaks down they may even induce 
increased attack. A simple example is found in 
comparing the behaviour of 14° Cr steel and mild 
steel towards various acids. With passiv ity breakdown 
in 2-5% H,SO, at 20°C., the chromium steel lost 
0-08 g./sq. cm. in 24 hr., compared with 0-03 g./ 
sq. cm. for unalloyed steel. In 2-5°% H,PO, at 80° C., 
the mild steel again lost 0-03 g./sq. cm., but passivity 
was retained by the chromium steel with negligible 
loss. Phase differences in the steels forming the 
subject of the present paper are much more complex, 
but similar differences, according to the activating 
characteristics of the environment, are to be expected. 
General experience indicates that, under reasonable 
service conditions, differences between § and austenite 
phases in these steels in the solution-treated condition 
rarely lead directly to serious selective attack. Heat- 
treatments leading to precipitation or phase trans- 
formation can, however, greatly increase composition 
differences within the structure, and so lead to very 
damaging selective attack. 


EFFECTS OF COMPOSITION AND HEAT-TREAT- 
MENT ON OVERALL RESISTANCE 

Before considering microstructural features, it was 
desirable to check the practical importance of the 
effects of composition and heat-treatment by deter- 
mining the overall losses in ordinary corrosion tests. 
A series of such tests was, therefore, carried out on 
the steels listed in Table I, and the results are sum- 
marized in Tables II and III. These steels were 
chosen to provide a range of § contents in the Ti- 
bearing series, and to give comparison with plain 
18/8/3 steel and a corresponding Nb-stabilized steel. 

Table II gives results for six of the steels in a 
two-cycle Huey-type test, after varying heat-treat- 
ments. The samples had a surface area of 15 sq. cm. 
and were tested individually in 250 ml. of 65°, HNO, 
under open reflux condensers. Heat-treatments at 
650° and 750° C. were included to enable both carbide 
and o effects to be studied. 

Steels B and C, with 30% and 5% of § respectively, 
show very considerable acceleration from the 650° C. 
treatment with a definite, but much smaller, effect 
under 750° C. treatment. The slight increase in attack 
on samples air-cooled from 1050° C., compared with 
water-quenched samples, presumably reflects the 
slower cooling of the former. 

Steel D, with 12% of nickel and under 1% of 8, 
showed complete reversal of the 650-750° C. position; 
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Table I 
ANALYSES OF STEELS TESTED 
Delta in 
Steel* C,% | Si% |Mm,%| Cr, % | Ni, % |Mo,%| Ti, % | Nb, %| N,% | Solution-Treated 
Condition, %t 
A 18/9/3 Cr—-Ni-Mo-Ti 0-06 | 0-37 | 0-43 | 18-36 8-70 | 3-02 | 0-38 0-017 35 
B 18/8/3 Cr-Ni-Mo-Ti 0-07 | 0-43 | 0-44 | 18-48 8-45 | 3-52 | 9-30 0-015 30 
C 17/11/24 Cr-Ni-Mo-Ti 0:07 | 0-46 | 1-52 | 17-34 | 10-58 | 2-62 | 0-37 0-007 5 
D 17/12/24 Cr—-Ni-Mo-Ti 0-07 | 0-27 | 1-81 | 17-44 | 11-63 | 2-43 | 0-37 0-008 <1 
E 17/14/24 Cr—-Ni-Mo-Ti 0-07 | 0-57 | 1-62 | 17-36 | 14-25 | 2-55 | 0-26 ok 0-027 <i 
F 17/12/24 Cr-Ni-Mo-Nb 0:06 | 0-20 | 1-58 | 17-50 | 12-48 | 2-55 ae 0-35 | 0-025 <l 
G 17/8/3 Cr-Ni-Mo 0-08 | 0-53 | 0-44 | 17-49 8-10 | 3-09 Te 0-068 6 
































+ 1050°C., W. 2Q., except for steel A, which was 1150° C., 


very intense attack occurred after the 750° C. instead 
of the 650° C. treatment. Similar behaviour at con- 
siderably reduced intensity was found with the 14% 
Ni steel HZ. Only the Nb-bearing steel F showed 
complete freedom from these heat-treatment effects. 

Steel G, with 6% of § and no titanium or niobium, 
behaved like the 5% 3 steel C with titanium after 
750° C. treatment, but showed a very much smaller 
acceleration from 650° C. treatment. 

In Table III the testing media are extended to 
include H,SO, and HCl, concentrations and tempera- 
tures being chosen to lie within the region of slight 
to moderate corrosion for the plain solution-treated 
samples. Steels A and D were used, as representative 
of the two types of response brought out by the 
results given in Table II. Solution treatment for these 
samples was raised to 1150° C., because of its relevance 
to certain industrial specifications and also because 
it provides a large grain size favourable to detailed 
microstructural work. An additional c-forming treat- 
ment of 4 hr. at 850° C. was included. 

The 65% HNO, attack was very similar to that on 
the 1050° C. solution-treated material of Table IT, 
giving maxima at 650° and 750° C. for steels A and D, 
respectively. Acceleration decreased with the 850° C. 
treatment, although steel D showed a very high loss. 

The only other acceleration was for steel A in 
H,SO,. In contrast to the HNO, results, but in general 
agreement with Smith and Bowen’s findings,® the 
effect was relatively slight after 650° C. treatment, 
with a rise to as much as eight times for the 750° C. 
treatment, and rather less for 850°C. The resistance 


* Steels A, B, D, E, and F were in the form of }-in. oro C was j-in. plate, and G was j-in. square bar. 


of steel D to this acid was unaffected by heat-treat- 
ment. 
MICROSTRUCTURAL FEATURES OF ATTACK 

General examination was made of sections through 
the attacked surfaces of samples from Tables IT and 
III, but a more detailed study of microstructural 
response was achieved by attacking polished sections, 
with examination at successive stages. Examples 
have been selected from the records for steels A, D, 
and G to illustrate main points of interest, the 1150° C. 
treated specimens of Table IIT being selected for steels. 
A and D to secure the advantage of larger grain size 
for ease of observation. For the HNO, tests, 70% 
acid was used to preserve continuity with earlier 
work,}> 3 its effect being essentially the same as that 
of the 65% acid used for the Huey-type tests of 
Tables II and ITI. 


Steel A 

Examination of plain 1150° C., W.Q., material after 
exposure for 6 hr. and 36 hr. showed HNO, to give 
slow general attack, with more pitting of § than of 
austenite, but eventual dislodgment of both phases 
by grain-boundary attack, without obvious preference 
(see Fig. 5). 

After treatment for } hr. at 650°C., the grain- 
boundary attack was greatly accelerated and was 
evidently the main cause of the greatly increased loss 
of weight from this treatment. The general structural 
picture remained similar to that for the 1150°C., 
W.Q., sample. The § was rather more pitted, but 
this was of little practical significance in face of the 


Table II 


EFFECT OF HEAT-TREATMENT ON RESISTANCE OF STEELS B-G IN BOILING 65% 


Losses are given as m@./sq. cm. in 24 hr.; to convert to penetration in in./month, multiply by 3/2 x 107; 
for mm./year, divide by 2:2 


Each test cycle was for 48 hr. 


HNO, 
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° ° , 1050° C., W. 1050° C., W.Q., 
sete teste bersioa aya ee WED 4} hr. at 650°C. 4'8 hr. at 750°C. 
Steel 
Ist Cycle 2nd Cycle Ist Cycle 2nd Cycle ist Cycle 2nd Cycle Ist Cycle 2nd Cycle 
B 1-0 2:9 0-7 0-6 157-0 138-2 2:1 10-2 
Cc 0-9 2-9 0-7 0:8 64-4 95-4 1-4 10-3 
D 1-3 1-8 1-2 1-6 1-5 6-0 278-4 275-9 
E 0-6 0-6 0-7 0-6 1-5 3-7 2-3 35-0 
F 0-6 0-4 0-7 0-7 0-8 0-8 0-7 1-1 
G ‘i +. 1-0 1-1 2-2 6-7 0-8 19-1 
JULY, 1953 
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Fig. 4Section through 18/8 3/Ti steel after 6 months’ corrosion in Tees estuary : 
(a) Corroded porticn as received ; (6)-(d) uncorroded portion attacked for (b) 
5 hr. in boiling 1°, HCl, (c) 30 sec. in boiling 35°, H,SO,, (d) 6 hr. in boiling 
70°, HNO, (a) x 500; (6)-(d) x 1250 
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Fig. 8—Steel A, heat-treated 1150° C., W.Q., + 4 hr. at 850° C. ; (a) Relief-polished ; (6) as (a) + 2 hr. 
in boiling HNO, ; (c) heat-tinted ; (d) as (c) + 2 hr. in boiling HNO, ; (e) as (d), after electrolytic 
etch in 10°,, oxalic acid x 1250 
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great acceleration of grain-boundary attack (see 
Fig. 6). 

With treatment for 8 hr. at 750°C., massive o 
appeared in the $; Fig. 7a indicates its extent and 
location by selective removal under oxalic-acid etch. 
Attack for 4 hr. in HNO, gave more severe corrosion 
of part of the transformed $, but left the o practically 
unaffected (see Fig. 7b). This selective attack within 
the original § areas again showed no indication of 
any great practical significance; the ultimate dis- 
lodgment of grains was similar for austenite and 5, 
and the rate of attack was much lower than that for 
the 650°C. specimen (see Fig. 7c). The specimen 
treated for 4 hr. at 850°C. gave similar results with 
even lower loss, which was practically down to that 
of the plain 1150° C., W.Q., samples. 

Interesting points arose from a more detailed study 
of the 850°C. treated material. Figures 8a and b 
show an area first polished to reveal the hard o phase 
in relief, and then after attack for 2 hr. in boiling 
70°, HNO. Correspondence between the hard zones 
and those least attacked by HNO, is clearly seen. 
Figure 8c shows another area heat-tinted in a bunsen 
flame. The high-chromium o phase remains bright, 
but the surrounding transformed § and the original 
austenite have both assumed a dark brown tint. The 
residual § took an intermediate light-yellow colour, 
distinguishable as light areas in the photograph. 

In Fig. 8d this area is seen after 2 hr. in boiling 
70% HNO. Both o and residual § remain relatively 
unattacked, but the surrounding transformed § has 
been selectively removed and the original austenite 
has been slightly attacked. Electrolytic etching in 
10°% oxalic acid then selectively removed the o, and 
Fig. 8e shows clearly the residual) § still present after 
this treatment. 

Finally, it was found that a sample given } hr. at 
650° C. followed by 4 hr. at 850°C. looked and 
behaved exactly like the original samples given 4 hr. 
at 850° C., showing no sign of the greatly accelerated 
boundary attack associated with the plain 650°C. 
treatment. Presumably 4 hr. at 850°C. gave ample 
time for rediffusion of alloying elements to neutralize 
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adverse effects produced by the 650° C. treatment, 
substituting only the very much less dangerous effects 
associated with the 850° C. o formation. 

Sulphuric acid showed some preference for the 3 
in the 1150° C., W.Q., and 1150° C., W.Q., + 650° C. 
samples, as indicated in Fig. 9, showing the results 
of corrosion in 35% H,SO, at 40°C. (This may be 
compared with Fig. 4c, taken from the service tube.) 
After 750° and 850° C. treatments, the o showed a 
relatively high resistance to this acid, and the overall 
acceleration in the rate of attack was due to more 
rapid action on the surrounding decomposition 
products of the original $, giving attack of the order 
of that in Fig. 9 in less than 10 min. Very short times 
in boiling H,SO, gave similar results, and Fig. 100 
shows the early stages of attack, in comparison with 
a preliminary Murakami etch of the same area (Fig. 
10a). The Murakami treatment has lightly stained 
the co, with darker staining of the residual §. The 
latter, being present only as shallow isolated particles, 
was completely removed by attack for 2 sec. in 
H,SO,, probably by undermining. The relative 
immunity of the o and selective attack on surrounding 
transformed § are clearly seen. 

Steels B and C 

These behaved similarly to steel A in the HNO, 
test, with severe intercrystalline attack after 650° C. 
treatment, and some acceleration of attack on the § 
decomposition product surrounding the o after the 
750° and 850° C. treatments. 

Steel D 

This steel had less than 1% of §, present as isolated 
strings (see Fig. lla). In general, these small areas 
of 8 behaved similarly to the much larger pools in 
steels A-C,, except for the development of a structural 
etch in HNO, after 650° C. treatment, similar to that 
given by oxalic acid in the 750° and 850° C. treated 
samples (see Fig. 115). This structure was not brought 
out by the oxalic acid in the 650° C. sample, and it 
possibly relates to some very early stage in o formation 
for which HNO, forms the more sensitive detecting 
reagent. 


Table III 
COMPARISON OF STEEL A (35% 8) WITH STEEL D (<1% 8) IN VARIOUS REAGENTS 


Each test was for 24 hr. except that in 65°, HNO,, which was for 48-hr. cycles. 


Losses are in mg./sq. cm. in 24 hr.; to convert to penetration 


in in./month, multiply by 3/2 x 107°; for mm./year, divide by 2:2. 





























Shit Pa 

oiling Point 35°, 20° 5° 1% 

Initial Ss d (4 ‘2 ° $ 
Steel Ment. Troutanent Heat-Treatment Ry -y! awe. ates, at = c 

Ist Cycle | 2nd Cycle 

1150° C., A.C. 0-7 0-7 12-3 1-7 3-0 0-0 

A 1150° C., W.Q. ove 0-8 0-6 13-6 1-9 3-2 0-1 

99 $s $ hr. at 650° C. 176-4 165-7 21-5 2-1 2:7 0-1 

18/8/3 Cr-Ni-Mo-Ti a ne 8 hr. at 750° C. 2°3 12-5 102-1 12-4 23-4 0-1 
+9 re 4 hr. at 850° C. 1-0 1-8 53-1 2-9 11-0 0-1 

1150° C., A.C. 0-9 0-7 | 12-8 1-5 3-0 0-0 

1150° C., W.Q. an 0-6 0-6 | 11-7 1:7 3-1 0-0 

D a x } hr. at 650° C. 0-7 0-7 8-5 2-6 3-6 0-0 

‘i i 8 hr. at 750°C. | 287-5 | 299-0 | 12-6 2-6 3-7 0-0 

17/12/2} Cr-Ni-Mo-Ti ‘ m 4hr. at 850°C. | 64:9 | 199-0 | 10-8 1:7 4:7 0-1 
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Acceleration after 750-850° C. treatments is most 
probably due to precipitation of o at the austenite 
boundaries. Binder and Brown’ give evidence for 
such precipitation in a 19/19/3 Cr—Ni-Mo steel with 
less than 0-01% of carbon after 24 hr. at 750°C. In 
higher-carbon materials such as those used in the 

resent investigation, it is more difficult to distinguish 

tween the influence of carbide and slight o precipi- 
tations, but the smallness of the effect produced by 
650° C. treatment, with the very great increase for 
the 750-850° C. range, strongly suggests o as the 
dominating factor. The intergranular nature of the 
HNO, attack on the 750° C. treated sample is shown 
in Fig. 1lc and it is noteworthy that the absence of 
this form of attack with the other reagents of Table III 
is accompanied by absence of acceleration from heat- 
treatment. 

Some detailed views of the 750° C. treated sample 
of this steel are of interest. Figure 116 shows the 
electrolytic oxalic-acid etch indicating the presence of 
o in the original §, and o or carbide at the grain 
boundaries. After 1 hr. in boiling 70% HNO,, the 
contents of the small § areas were completely dissolved 
or undermined, and after 4 hr. austenite crystals were 
dropping out. The appearance at this stage is shown 
in Fig. 12a. In addition to the severe grain-boundary 
attack, there is a new form of attack on what appear 
to be crystal planes. This is shown in greater detail 
in Fig. 12b and probably reflects some precipitation 
effect. 


Steels E and F 

The higher-nickel steel EH showed a very much 
smaller acceleration similar to steel D, and with 
Nb-bearing steel F there was no structural effect, 
except the slight boundary acceleration which appears 
so generally with the HNO, attack. 


Steel G 

This plain 18/8/3 Cr—Ni-Mo steel initially had 6% 
of §. After 8 hr. at 750°C., electrolytic oxalic-acid 
etching indicated carbide and small pools of o in the 
margins of this §, the amount of o being estimated 
as 1%. Only relatively small accelerations of attack 
in HNO, were produced by the 650° and 750° C. 
treatments, mainly from boundary attack. Sigma 
and carbides were dislodged rapidly from within the 
§ areas, but the residual § was only slowly attacked 
and eventually broke away with the austenite grains 
of the main structure, as shown in Fig. 13. 


Summary 

Summing up these structural observations, it is 
clear that in the HNO, tests o showed the highest 
resistance to attack, but that its formation often led 
to considerable increase in the attack on adjacent 
material. This was observed in detail in respect of 
the more massive o formed at 750-850° C. within the 
original § areas of steels AC, but lack of continuity 
prevented development of any very high rates of 
penetration of the steels as a whole. The most serious 
weight losses with these 5-30°, 8 steels occurred 
through boundary attack on 650° C. treated samples, 
with dislodgment of austenite and § grains at similar 
rates. Where little or no § was present, in the higher- 
nickel steels D and E, acceleration of attack was 
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mainly by intergranular penetration after 750—-850° C. 
heat-treatment. The plain 17/8/3 Cr—Ni-Mo steel G 
was in general less affected than the Ti-bearing steels. 
It behaved like steels D and £ in respect of a fairly 
small response to 650° C. treatment, but was between 
the two groups in response to 750-850° C. treatment. 
The only steel showing no acceleration from heat- 
treatment was the Nb-bearing steel F’. 

Sulphuric acid had a tendency to greater attack on 
5 than austenite. Like HNOg, it produced a greatly 
accelerated attack on the transformed § surrounding o, 
the o itself remaining relatively unaffected. 


COMPOSITION OF PHASES IN 18/8/3 Cr—-Ni-Mo-Ti 
STEEL 


A proper understanding of selective corrosion re- 
quires a knowledge of the composition of the various 
phases involved. This aspect was studied by Hoar and 
Bowen, ° for a steel containing 45% of § and of average 
composition 18-4% Cr, 8-5% Ni, and 3-4% Mo. 
Electrolytic separation in 25°4 H,SO, gave them an 
austenite residue from 1150° C. treated material, the 
analysis of which was 13-2% Cr, 10-0% Ni, and 
2-5% Mo; this corresponds to a calculated § com- 
position of 22-7% Cr, 7-2% Ni, and 4-:1% Mo. 
Sigma was extracted from 850°C. treated material 
by electrolytic attack in 50 vol.-°4 HCl. Analysis in 
this case gave 27-5% Cr, 4-0% Ni, and 8-8% Mo. 

For the present study a steel was used of the fol- 
lowing general composition: : 

C,%  81,%  Mn,% (Cr,%  Ni%  Mo,% Ti, % 
0:08 0:46 O-71 18:28 8-20 3:08 0-33 
In the 1050° C., W.Q., condition this material con- 
tained 30% of 3, which transformed almost com- 
pletely to give 15% of o on treating for 4 hr. at 

850° C. 

Sigma separation from the 850° C. treated material 
was carried out by two methods: 

(a) Working with 50 vol.-% HCl at 30 amp./sq. in., 
according to the method of Hoar and Bowen,’ a 
residue corresponding to 6-7% of the steel dissolved 
was obtained 

(b) Working with a 45% citric acid-30% potassium 
iodide—6 % hydrochloric acid bath at 0-3 amp./sq. in. 
and 15°C., as described by Pemberton,’ the yield 
was 15:5% of the steel dissolved. 

In both cases X-ray analysis indicated a content of 
at least 90° of o. Digestion in 15 vol.-°% HCl just 
below boiling point dissolved 90°% of the extract, 
leaving residues in which o was no longer detected. 
Analysis of the extracts gave the following contents: 


Extract Cr, % Ni, % Mo, ® 
a 28-5 3°3 8-0 
b 28°7 3°3 os 


These are in very satisfactory agreement with the 
values obtained by Hoar and Bowen. 

Attempts to separate austenite from the 1050° C., 
W.Q., material by electrolysis in 16 vol.-°% H,SO,, 
according to the method of Hoar and Bowen, gave 
austenite in very low yields. The citric acid—potassium 
iodide-hydrochloric acid bath used for o separation 
produced extensive selective undermining in the 
1050° C., W.Q., material, and subsequent anodic 
treatment in 35° H,SO, for 3 hr. at 0-3 amp./sq. in. 
loosened the affected layer, the material coming away 
in the form of flakes that were essentially § and were 
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Table IV 
COMPOSITION OF PHASES IN 18/8/3 Cr-Ni-Mo-Ti STEEL 

















Origin of Results Condition Phase | Cr, % | Ni, % | Mo, ° 

Steel from present investigation | 1050°C., W.Q. Austenite (calculated)* 16-4 9-4 2:7 

with 18-3% Cr, 8-2% Ni, 3-1% Mo, | 1050° C., W.Q. Delta (found) 22-6 5-6 3-3 

and 30% initial 3 1050° C., W.Q., Sigma (found) 28-7 3-3 7:1 

+4hr. at 850°C 

Figures by Hoar and Bowen! for a | 1150°C., W.Q. Austenite (found) 13-2 10-0 2°5 

steel with 18-4% Cr, 8-5% Ni, | 1150°C., W.Q. Delta (calculated) t 22:7 7°3 4-1 

3-4% Mo, and 45% initial 6 1150° C., W.Q., Sigma (found) 27-5 4-0 8-8 
+ 69} hr. at 850° C. 




















* Allowance has been made for Ni and Mo present in the carbide residue from the § extract. 
+ The authors do not indicate any carbide correction for these figures. 


recovered to about 5% of the steel attacked. A typical 
flake is shown in Fig. 14. X-ray examination of the 
flakes showed no austenite, and their solution in HCl 
left an insoluble residue of only 2-5°%, essentially 
carbides. The dissolved flakes had the composition 
22-6% Cr, 5:6% Ni, and 3-3% Mo. 

A second determination was carried out on similar 
lines, but omitting the anodic treatment in H,SO,, 
the flakes produced in the first bath being dislodged 
mechanically with a steel blade. This gave a larger 
yield, equivalent to 15% of the steel dissolved. X-ray 
examination again indicated only ferrite and carbide, 
HCl leaving a carbide residue of 5% of the flakes. 
Analysis was carried out for carbides as well as 
dissolved metal. The metal gave 22-5% Cr, 5-6% 
Ni, 3-4% Mo, and 0-26% Ti, in very close agreement 
with the previous result. The carbide contained only 
1% of Cr, major constituents being 38°% Mo, 17% Ti, 
and 5° Ni. These figures correspond to 0- 289, "Mo, 
0-13% Ti, and 0-04% Ni on the weight of steel. 

Ignoring density changes, it is possible to calculate 
from these results composition figures for the original 
austenite. Correspondingly, Hoar and Bowen calcu- 
lated the composition of § from their austenite 
analysis. The results for both investigations are com- 
pared in Table IV. It is also possible to calculate the 
composition of the § decomposition product surround- 
ing the o, if diffusion between original austenite and 
these areas is ignored. The importance of this factor 
is uncertain, and figures have not been included in 


the Table. They are of interest as indicating the 
maximum difference between the original austenite 
and the secondary austenite of the transformed 
material. The results obtained for the sample used 
in the present work were 16-7% Cr, 8-0% Ni, and, 
within the limits of experimental approximation, no 
molybdenum. 


EFFECT OF CHROMIUM IMPOVERISHMENT 

The major importance of chromium impoverish- 
ment in the depreciation of boundary corrosion 
resistance from carbide precipitation is very generally 
accepted, but there is less certainty about the degree 
of impoverishment involved. Interest in the effects 
of o formation has directed further attention to this 
aspect, as well as to selective attack resulting under 
critical conditions from differences in average com- 
position between the phases. The matter is very 
complex, and any results on individual * synthetic ’ 
compositions must be considered with caution. Some 
figures, given in Table V, for the rates of corrosion 
in boiling HNO, and various strengths of H,SO, of 
a series of Cr—Ni steels with 10-18% of chromium 
and 12% of nickel bring out the effects of chromium 
contents. 

The nickel content was made as high as 12%, to 
keep the steels as far as possible uniformly austenitic, 
and this was the case with all but the 10° Cr material, 
which also contained a good deal of martensite. 
Broadly, the results suggest that a considerable 


Table V 
TESTS ON 10-18% Cr, 12% Ni SERIES (1050°C., W.Q.) 


All losses are expressed as mg. sq. cm. in 24 hr. 


The HNO, tests were for two 48-hr. cycles, the plain H,SO, tests for 24 hr., and the 
H,SO,/CuSO, test for 96 hr. 
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0-08 | 0-27 | 0-53 | 9-80 | 12-05 | 16-1 | 15-4 | 37-4 | 18-5 | 120-5 | 50-2 
| 51-5 
0-07 | 0-32 | 0-69 | 12-62 | 11-58 | 2-9 50 | 23 | 47 | 53 | Ot 
| 2-6 16 = | 48 | 0-1 
0-07 | 0-84 | 0-47 | 15-27 | 11-98 | 0-7 | 0-7 | 71 | 52 | 37-0 | <0-1 
| | | | <Q: 
0-08 | 0-97 | 0-44 | 17-88 | 12-08 | 0-6 0-6 | 77 | 46 | 29-4 } <0 
| beac 
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* Standard I.C. test solution containing 2N. H,SO, with 110 g.1. of CuSO,.5H,O. No intercrystalline attack was observed. 
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depletion from 18% of chromium is required to 
produce serious loss of resistance to the test solutions 
used. Appreciable fall in resistance in boiling 65% 
HNO, was first apparent at the 12% Cr level, at 
which lower losses occurred in H,SO,. This was 
accompanied by some intercrystalline penetration in 
the nitric acid, which was the only structurally 
selective attack observed in the whole series. A 
generally severe attack set in with a further drop to 
10% of chromium. 


DISCUSSION OF RESULTS 


The high chromium and molybdenum contents of 
o formed at 750-850°C. in these steels would be 
expected to make this phase highly resistant to many 
acid conditions, and the micrographic evidence con- 
firms this. On the other hand, the formation of such 
an enriched phase must impoverish surrounding 
material. The severity of any consequent lowering of 
acid resistance will depend on initial composition and 
degree of localization of the effects. 

Both major accelerations of attack in HNO, 
resulted from grain-boundary effects. They are 
typified by the behaviour of 650° C. treated steels A 
and B and of 750-850°C. treated steel D, respec- 
tively. In comparing them, it is important to recognize 
that a finely divided grain-boundary precipitation of 
o could have a depletion effect basically similar to 
that produced by 650° C. carbide precipitation. The 
quantitative aspect will be influenced by several 
factors, including rates of diffusion of the more 
important elements at the formation temperature. 
Although work with very low-carbon steel? has shown 
that finely divided co can precipitate at grain-bound- 
aries directly from austenite, quantitative assessment 
of the relative parts played by the two mechanisms 
in steels of more normal carbon content has not been 
achieved. In general, it seems highly probable that 
the 650° C. induced accelerations in the present steels 
are essentially the result of carbide-titanium boundary 
effects, with o formation as the cause of the 750- 
850° C. accelerations. 

With the steels of 5-35°% § contents, the indications 
are that o is formed essentially within the original § 
material, and, even when the transformed material is 
severely attacked, its continuity throughout the 
structure is insufficient to lead to high rates of 
penetration by HNO, into the steel as a whole. The 
deleterious effect of o formation on the HNO, resis- 
tance of these materials is consequently less than 
might be expected, even after 750° C. treatment, and 
with 850°C. treatment it is even less, presumably 
owing to greater rediffusion. 

In these steels with large § contents, there will be, 
on grounds of solubility, a tendency for concentration 
of carbon in the austenite with increased possibilities 
for damaging boundary carbide precipitation from 
this phase at 650°C. The fact that the austenite has 
an initial chromium content below the average for 
the steel will tend to increase still further any damag- 
ing effects of chromium depletion by precipitation. 

It is also possible that titanium contributes more 
directly to boundary attack in HNO, than by some 
inefficiency as a carbide stabilizer. The mechanism 
is unknown, but Stewart has put forward data® 
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suggesting acceleration of attack after 650° C. treat- 
ment of 18/10 Cr—Ni steel from some such direct 
action. Non-occurrence of any 650°C. effect with 
steel D, and earlier work with 18/8/Ti steels indicating 
preferential attack at 3 boundaries,! suggests some 
connection with §, but no preference for attack on $ 
boundaries was noted with 650°C. treated steels 4 
and B in the present tests, so that the matter is 
complex. 

In the higher-nickel steels of the series, which are 
almost fully austenitic, the amount of o formed is 
small. It may have a modified composition from that 
of the 18/8/3/Ti steel, but the amount formed has 
been insufficient for analysis, and it is reasonable to 
assume generally similar trends in composition. The 
most important practical difference results from 
localization of its formation at the austenite grain 
boundaries, so that, in spite of the smaller amount, 
the potentially damaging effect is much greater. On 
the other hand, the material is almost fully austenitic, 
so that phase-concentration effects do not seriously 
modify the chromium-carbon balance. This will 
reduce the damaging effects of carbide precipitation, 
which accounts for the virtual freedom of steel D from 
650° C. acceleration in the present tests. Sigma 
formation, however, will now occur at the austenite 
grain boundaries from material having a lower initial 
chromium content than the § of steels A and B. The 
circumstances are, therefore, much more favourable 
to damaging grain-boundary effects at 750-850° C. 
At 850°C. rediffusion would be expected to have a 
more significant effect in reducing local impoverish- 
ment than at 750° C., which explains the smaller losses 
after 850° C. treatment. 

The cause of increased HNO, attack on transformed 
§ surrounding o in steels A and B is less obvious. The 
effect is quite definite, although it is not of sufficient 
magnitude and structural continuity to produce any 
large acceleration in the overall rate of attack. Calcu- 
lation from the analyses for o and original § indicates 
an average composition for the transformed §, which 
would not be expected to have inferior HNO, resis- 
tance to that of the original austenite. The o forma- 
tion may leave some non-uniformity of composition 
within the affected areas, and this may persist in 
some degree even after the 850° C. treatment, giving 
lowered corrosion resistance from local impoverish- 
ment greater than average. 

The absence of acceleration by heat-treatment with 
the Nb-stabilized austenitic steel F is to be attributed 
to the lower o-forming tendency of niobium, as com- 
pared with titanium. 

Sulphuric acid showed acceleration at 750-850° C. 
with steel A, but none with steel D. It is evident that 
sensitivity to grain-boundary effects is less with this 
acid than with HNO,. The 750-850° C. acceleration 
with steel A is probably largely related to attack on 
the transformed §, which has been shown to have low 
or negligible molybdenum content; this element 
confers, as is well known, greatly increased resistance 
to passivity breakdown in reducing acids. 


CONCLUSIONS 
(1) In 18/8/3 Cr-Ni-Mo-Ti steel, the § is consider- 
ably higher in chromium and molybdenum and lower 
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in nickel than the austenite. This leads to variation 
in relative attack on these phases by H,SO, and HCl, 
according to conditions of concentration and tempera- 
ture. 

(2) In boiling concentrated HNO, the most damag- 
ing attack is intergranular, and in the 18/8/3 Cr—Ni- 
Mo-Ti steel this was very greatly accelerated by 
650° C. treatment, which is attributed to chromium 
impoverishment by carbide precipitation at the 
austenite boundaries, with recognition of a possible 
direct titanium effect. 

(3) Sigma in the 18/8/3 Cr-Ni-Mo-Ti steel is still 
higher in chromium and molybdenum than the § from 
which it is formed and has a very high acid resistance. 
Local depletion effects in the surrounding transformed 
§ after 750-850° C. treatments probably account for 
higher HNO, attack in these regions, but the effect 
is not sufficiently rapid or continuous to compare with 
the 650° C. intergranular effect. In H,SO,, molyb- 
denum depletion in these transformed § regions will 
probably have a major effect in responsibility for the 
lowered resistance. 

(4) Virtual elimination of § in 17/12/2$ Cr—-Ni-Mo-Ti 
steel produces conditions less favourable to the 
damaging 650° C. effect, but increases the danger from 
co formation by making this essentially a grain- 
boundary precipitation from the austenite, with 
sufficient continuity to give rise to severe HNO, 
attack after 750-850° C. treatment. With this steel, 
H.SO, resistance was unaffected by heat-treatment. 
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(5) A Nb-stabilized, fully austenitic 17/12/24 Cr- 
Ni-Mo steel was the only material tested that showed 
no acceleration of attack in the boiling HNO, from 
either 650° or 750-850° C. heat-treatments. 
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Correspondence on the Paper— 


A THERMAL AND MICROSCOPIC 
SILICON 


By J. E. Hilliard 


Dr. L. §. Darken (United States Steel Company) wrote: 
In the timely and useful data reported by Dr. Hilliard 
and Dr. Owen, a point that deserves some clarification 
is the highly improbable position, at lower temperatures, 
of the boundary of the alpha field indicated in several of 
the diagrams, particularly those in Fig. 6. Although the 
alpha field is almost entirely outside the range of the 
authors’ experimental investigation, this field has such 
important bearing on commercial silicon steels that its 
misrepresentation, even by dashed lines, should be 
avoided. A careful investigation of part of the isothermal 
section of the iron—carbon-silicon system at 1000° C. 
was conducted by Smith,! who found, for example, that 
the highest carbon content for a homogeneous ferrite 
containing 3-4% of Si at 1000° C. is about 0-0239% C— 
not ten times this amount, as might be inferred from 
Fig. 6b. Furthermore, Rickett and Fick? have reported 
eutectoid temperatures on a series of commercial low- 
carbon (0-05-0-08% C) iron-silicon alloys, which indicate 
clearly that this carbon content exceeds that of the alpha 
boundary for the lowest temperature at which the « 
and y phases coexist at equilibrium. In other words, 
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SYSTEM* 


and W. S. Owen 


there seems to be no reliable evidence of appreciable 
broadening of the alpha field with decreasing temper- 
ature. 

The carbon content of the « phase in equilibrium with 
the y phase may be calculated from the carbon content 
of the y phase and the distribution coefficient of carbon 
between the two phases. Since the silicon contents of 
the two phases do not differ markedly and the carbon 
contents are reasonably low, it may be assumed as a 
first approximation that the distribution coefficient is 
the same as that for pure Fe—C alloys. This has been 
represented graphically by Smith!; numerical values at 
round temperatures are given in the second column of 
Table A. For a 34% Si alloy, the carbon content (y C°) 
of the y phase in equilibrium with «, taken principally 
from the composite data of the present investigation and 
those of Smith, are shown in column 3. The ratio of 
these (« C%), shown in column 4, serves as a first 
estimate of the boundary of the alpha field. Comparison 
with observed values (column 5) at 1400° C. (Hilliard 





* J. Iron Steel Inst., 1952, vol. 172, pp. 268-282. 
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Table A 
LIMITING CARBON CONTENT OF FERRITE FIELD AT 3}% Si 
a C% 
Temp., °C ¥C% c% 7 
aoe Cc% y &% Best Estimat 
sang I a Observed (Column 41 Decreased 
ry 20%) 
900 13-8 0-38 0-028 0-022 
1000 8-3 0-23 0-028 0-023 0-023 
1100 5-3 0-18 0-034 0-027 
1200 3°5 0-21 0-060 0-048 
1300 2°5 0-28 0-11, 0-09 
1400 1-9 0-41 (by 0-22 0-18 0-18 
extrapolation) 


























and Owen) and 1000°C. (Smith) indicates that the 
calculated values are slightly high, as might have been 
anticipated from the approximations made. An arbitrary 
correction of 20% (comparable to the errors of the 
approximations) to the values shown in column 4 gives 
the final column, ‘ Best Estimate,’ which is in agreement 
with both observations regarding the boundary of the 
alpha field for 3}% Si. 

A further check on the boundary of the alpha field in 
the vicinity of the eutectoid temperature and below is 
furnished by information on the solubility of cementite. 
The solubility of cementite in «-iron has been reviewed 
by Wert®. Since, at equilibrium, cementite in Fe—C-Si 
alloys is devoid of silicon*.5, the solubility of cementite 
in the « phase of the 3}% Si alloy may be computed 
from that in the binary Fe—C system, the activity coeffi- 
cient of carbon (1-6,, from the data of Smith), and the 
activity coefficient of iron (estimated as 0-89). This 
calculation gives the solubility of cementite in the 34% 
Si alloy as being 0-85 times as great as that for the pure 
Fe-C alloy at the same temperature. Numerically, the 
solubility is thus found to be 0-014% C at 700° C. and 
0-023% C at 800°C. At the latter temperature, which 
approximates to the eutectoid, this solubility of cementite 
should agree with the carbon content computed from 
the a—y equilibrium. Extrapolation of the final column 
of Table A shows that this is indeed the case. The 
conclusion seems inescapable that the limiting carbon 
content of the alpha field, for a 3}% Si alloy, decreases 
with decreasing temperature from about 0-2% C near 
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Fig. A—Revised section of the Fe-C-Si diagram at 3-5% 
Si, incorporating the results of Darken’s calculation 
for the position of the «/« + y boundary 
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1400° C. to less than 0-:03% C at 1100°C. and never 
rises above this with further decrease of temperature. 


AUTHORS’ REPLY 


Dr. J. E. Hilliard and Dr. W. S. Owen wrote in reply: 
We are grateful to Dr. Darken for pointing out the 
inconsistency between the boundaries of the « + y field 
as drawn in certain of the sections in Fig. 6 of the paper. 
These boundaries were not, of course, determined experi- 
mentally, but were merely sketched in schematically, 
as indicated by the use of dashed lines. We agree with 
Dr. Darken that the available evidence suggests that the 
ferrite (a/x + y) boundary in the 3-5% and higher 
silicon sections will not display a minimum with respect 
to the carbon axis. However, it should be emphasized 
that there is undoubtedly a composition range in which 
such a minimum will occur. This is clearly evident if 
one considers the limiting case of a section placed at 
about 2-5% Si so that it just intersects the tip of the 
a + y loop on the binary iron-silicon side. At the silicon 
content corresponding to this section, the solubility of 
carbon in ferrite will decrease from about 0°2% at the 
peritectic temperature to zero in the vicinity of 1160° C., 
and thereafter will increase until a local maximum is 
reached at the temperature of the eutectoid transforma- 
tion. As the section is moved towards the silicon-rich 
end of the diagram, it is evident from Dr. Darken’s 
calculation (the results of which are plotted in Fig. A) 
that the decrease in the curvature of the gamma (y/« + y) 
boundary which accompanies this movement is sufficient 
to eliminate the minimum in the ferrite boundary. 
However, it should be noted that, in the absence of any 
reliable experimental data for the gamma boundary 
between 1100° and 1300°C., there must still be some 
doubt as to the exact form of the ferrite boundary in this 
temperature range. 

Thus, though the application of Smith’s data is a 
valuable contribution towards establishing the position 
and shape of the ferrite boundary, it has not eliminated 
the need for a careful experimental study of the low- 
carbon region of the system. 
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THE IRON AND STEEL ENGINEERS GROUP 


REPORT OF THE TWENTY-SECOND MEETING 


THE TWENTY-SECOND MEETING OF THE IRON AND STEEL ENGINEERS Group of the 
Iron and Steel Institute was held at 4, Grosvenor Gardens, London, S.W.1., on Thursday, 
19th March, 1953. Mr. C. H. T. Wittiams (The Park Gate Iron and Steel Co., Ltd.), 


Chairman of the Group, occupied the Chair. 


At the Mornine SEssIon, a paper by Mr. J. C. Howarp (Electric Furnace Co., Ltd.), 
entitled “‘ Industrial Electric Furnaces,” was presented and discussed. 

At the AFTERNOON SESSION, the paper presented and discussed was entitled ** Electric 
Distribution in Iron and Steel Works: Planning and Operating the Installations at 
Margam and Abbey Works,” by Mr. T. B. Rotus (McLellan and Partners) and Mr. E. C. 


SLATER (Steel Company of Wales, Ltd.) 


PROCEEDINGS OF THE MORNING SESSION: 10.30 a.m. to 12.45 P.M. 


Discussion on the Paper— 


INDUSTRIAL ELECTRIC FURNACES* 


Mr. J. C. Howard (Electric Furnace Co., Ltd.), in pre- 
senting the paper, referred to the help given to him by 
his colleague, Mr. J. McMullen, in preparing the section of 
the paper on resistance furnaces. He then gave a 
pictorial summary of the paper with the help of numerous 
lantern slides. 


Mr. A. G. Robiette (John Miles and Partners (London), 
Ltd.) : The subject of the large are furnace versus the 
basic open-hearth furnace has been discussed in detail 
in the U.S.A., notably by Ramseyer, and I have made 
a study of the economics of it under British conditions. 

rom a national point of view, less coal is used to pro- 
duce a ton of ingots from cold metal by the modern 
electric furnace than by the modern open-hearth. The 
average fuel consumption in a cold-metal open-hearth 
shop is about 650 lb. of producer coal per ton of steel. A 
70-ton modern top-charging electric furnace, operating 
on single-slag practice, would use about 525 units/ton, 
on the assumption that good-quality scrap is available 
in each case. The coal consumption in a large modern 
power station, such as Battersea, is about 1 lb. of coal 
per unit, z.e., 525 lb. of coal per ton compared with 
650 lb. in the open-hearth. More modern power stations 
can slightly improve on that consumption. There is 
therefore a saving of 125 lb. of coal per ton of steel pro- 
duced, which, multiplied by the tonnage produced in 
cold-metal shops, means a saving of many millions of 
pounds of coal per annum. 

If average power rates are taken, however, in most 
steelmaking areas the cost of power would be about 
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double the cost of coal ; but when the enormous saving 
in time and labour for charging, the lower cost of repairs 
in the electric furnace, and the greater utilization factor 
are considered, a case can be made out for electric melting 
of common-quality steel in the United Kingdom. 

Moreover, the capital cost of an electric-furnace plant 
is about half of that of a modern open-hearth plant of 
equal output. For instance, an output of 250,000 tons 
of ingots per annum would need only two 70-ton electric 
furnaces, whereas either three 140-ton open-hearth 
furnaces or four 100—110-ton units would be needed. 
In other words, the electric furnace has three times the 
output of an open-hearth furnace of the same capacity. 

The saving in capital charges largely offsets the differ- 
ence between fuel and electricity costs. On balance, 
the electric furnace today compares favourably with the 
basic open-hearth on cold-melting practice for ordinary- 
quality steel. At present, the lack of generating 
capacity would make it impossible to consider any large- 
scale conversion, but for any new projects or extensions 
to existing melting shops the modern large are furnace 
deserves serious consideration. 

A further advantage of the are furnace is its flexibility. 
It can be used for special steels ; it can operate two slags 
for killed low-sulphur steels ; and its smaller capacity 
makes it more convenient for special melts. I have seen 
in Italy two 35—40-ton electric furnaces which completely 
replaced an open-hearth shop that previously produced 
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about 110,000 tons/year. The furnaces were rated at 
12,000 kVA. and were producing heats of common- 
quality steels in about 3} hr. Although economic con- 
ditions in Italy are different from those in the U.K., an 
equally good case can be made for electric furnaces in 
this country. 

My remarks do not apply to the integrated steel works 
using hot metal, where, although the electric furnace can 
take a large proportion of hot metal, the economics are 
not so favourable as in the cold-metal shop. Moreover, 
the power consumption quoted—525 units/ton—pre- 
sumes the use of good scrap; this consumption may 
increase by up to 10% for very light scrap. On the other 
hand, the open-hearth consumption will also increase. 

I do not agree with Mr. Howard’s comments on the 
application of electric smelting in the U.K. Electric 
reduction could be carried out economically using hydro- 
electric power, which is now being developed in the 
Highlands of Scotland. This is a strategic necessity, 
as the whole British steel industry is dependent on ferro- 
alloys, and a case could be made out for it, especially 
if a large proportion of off-peak power is used. 


Dr. A. H. Leckie (British Iron and Steel Research 
Association) : The use of are furnaces for tonnage steel- 
making is increasing in America, and Mr. Robiette has 
pointed out that there may be an overall fuel economy in 
melting scrap in electric furnaces. However, in this 
country there is not enough scrap available, and if steel- 
making in the are furnace is extended in this way, more 
scrap will be used in those furnaces. Thus, more pig 
iron will have to be used in the open-hearth furnaces, 
thereby increasing their fuel consumption. The key to 
this problem, therefore, is the ‘ability of the electric 
furnace to refine pig iron, and I should like to hear Mr. 
Howard’s comments on that possibility. 

I support the extension of arc-furnace melting to a 
wider range of steels. Rimming steel, with the extra- 
low sulphur qualities now being demanded, seems to be 
suitable for production in the are furnace. At present 
it may be uneconomic because of the cost of power in 
existing furnaces (about 700 kWh./ton), but could this 
not be reduced in, say, a 150-ton are furnace ? I believe 
that there is now one such furnace being built in Belgium. 
Is 150 tons the limit of size ? What would be the power 
consumption in such a furnace using a 50-60% molten 
charge, assuming that this can be dealt with ? Electrode 
consumption, now about 15 lb./ton, should also be much 
less. 

Our target should, therefore, be a large furnace and a 
correspondingly large transformer. It is generally 
agreed that British are furnaces tend to be under-trans- 
formered. The target should also include electrode 
economy, the possible use of a molten charge, and stirring 
to speed up the reaction. 

I can see no real difficulty in the way of large furnaces 
and transformers. The cost of electrodes offers a wide 
scope for economy, but little has yet been done in this 
field. The difficulties of using Séderberg electrodes might 
be reduced, which would lower electrode costs enor- 
mously. 

The main difficulty in the use of hot metal in electric 
furnaces is that, in the absence of flame oxidation, much 
more iron ore has to be charged, giving a violent boil, 
which is not easily dealt with. Flame oxidation in the 
open hearth may have to be replaced by direct-oxygen 
oxidation using a lance in the electric furnace, to make 
up for the reduced oxygen potential in the electric- 
furnace atmosphere. 

In regard to stirring, the chief objection to the Swedish 
developments is their cost ; a certain amount of stirring— 
enough to speed up the reactions—might, however, be 
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obtained by injecting a non-oxidizing gas, if users are 
not prepared to pay the high cost of the low-frequency 
electric stirrer. 

I am very optimistic about the future of the arc 
furnace, since I think that the increasing difficulties that 
the open-hearth steelmaker will have to face, with higher- 
sulphur fuel and continued demands for lower-sulphur 
steel, will favour the arc furnace. There is a real need 
for more research on the are furnace, in the fields already 
mentioned. 


Mr. Howard: I am convinced that the large are furnace, 
entering into a different field, will be very important in 
the future. Until recently, British steelmakers have 
looked upon the are furnace as a means of making the 
highest-quality steels. It will continue to do that, but 
it can also be applied in another field. 

On the question of dealing with cast iron (since there 
is not enough scrap to supply all the large arc furnaces), 
there have been satisfactory attempts in the U.S.A. to 
deal with high-carbon iron and to remove the carbon 
quickly in the are furnace. But why should we start 
with a pig iron? Why make it into 4% carbon iron 
and then remove that carbon to make steel ? I am sure 
that the time will come when iron ore will be converted 
into, say, sponge iron, avoiding the use of a converter 
furnace to remove the carbon. 

I should not like to define the limit of the furnace 
capacity. Until recently, the Americans thought that 
the limit of a 3-electrode furnace was about 50 tons; 
to make bigger furnaces, they stuck two together, with 
six electrodes, for 100 tons. Since then, however, there 
have been many very satisfactory 3-electrode furnaces 
of about 100 tons. With these larger furnaces, the main 
problem is that of power, i.e., kilowatts. We must be 
able to get the transformers to get the power in and, if 
we are to keep to the 3-electrode system, the only 
way to get the power in is to increase the voltage to 
maintain a reasonable power factor, so as to make full 
use of these bigger transformers. 

Larger-diameter electrodes will be needed to carry 
this heavy current. At present, the largest electrode in 
service is the 24-in. graphite electrode available in the 
U.S.A. It can carry more power if the voltage is increased. 
In furnace design it is not simply a question of increasing 
the voltage to increase power; the power is needed as 
energy in the steel, not at the top of the furnace. The 
lowest voltage that is compatible with a reasonable 
power factor is the right voltage; any voltage higher 
than that needed to give the necessary power for the 
required melting speed melts down the brickwork instead 
of dealing with the steel. 

On the subject of electrode consumption, Dr. Leckie 
mentioned a figure of 15 lb./ton of graphite. That is the 
accepted figure for the higher-quality steels in Great 
Britain, but it is less with the lower-quality steels, 
because electrode consumption is a question of pounds 
per hour rather than weight per ton. Greater output 
per hour means that the electrode consumption per ton 
will be less. Power consumption will be reduced with the 
increased dimensions of the furnace. The efficiency of 
conversion of the power, so that it gets into the charge, 
probably will not alter materially; the radiation loss per 
unit volume or unit weight of the furnace decreases as 
the volume of the furnace (its tonnage capacity) increases, 
because its dimensions do not increase in proportion to 
the weights. 

In regard to the relative power consumption with 
partly liquid charges and partly solid charges, I should 
like to see the process of passing from the iron ore 
through the cast-iron stage modified. The power con- 
sumption with a half-liquid charge will be about half 
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that needed for melting down; only half the power is 
needed to melt down half the charge. The power con- 
sumption for refining will never be a large item of cost 
with these cheap qualities of rimming steels. 


Mr. W. F. Cartwright (Steel Company of Wales, Ltd.) : 
When we built the Abbey works at Port Talbot, we had 
many discussions with Mr. Howard on the possibility of 
building very large arc furnaces instead of open-hearth 
furnaces, and we did not arrive at the calculations that 
Mr. Robiette has made. I have assumed that there are 
3412 B.Th.U. in a kilowatt-hour, and that 550 kWh. are 
used per ton in a modern furnace. That gives about 
1.9 million B.Th.U./ton in the are furnace. Even the 
best power station will only manage about 30% efficiency, 
and so, with transmission losses, ete., that will give 63 
million B.Th.U./ton of steel. Mr. Robiette talked about 
open-hearth plant using cold metal with a figure of 
650 lb. of coal per ton of steel. But there will not be 
any cold-metal shops in the long-term future. The 
modern open-hearth shop can show a much lower figure— 
about 3 million B.Th.U./ton of steel with good pig iron 
and about 3} million B.Th.U./ton with bad pig iron. 

There is another field, however. If a new works is 
built, using blast-furnaces, and without going so far as 
Mr. Howard’s suggestion for direct reduction, but in- 
corporating one of the various blowing systems using 
oxygen and steam, COg, or pelletized high-grade con- 
centrates, or a mixture of these and scrap, to control the 
temperature and keep nitrogen down, there will be a 
certain surplus of mill scrap and also of energy. In such 
a works, power might be produced by gas turbines run- 
ning off the blast-furnace gas at a low cost. The mill 
scrap, which is not suitable for converter, could be 
charged into 100—150-ton electric furnaces. 


Mr. Howard: I do not think that it was Mr. Robiette’s 
intention—and it was certainly not mine—to create the 
impression that the electric furnace could compete with 
a fully integrated plant. It cannot do this because of 
the cost of electricity. The relative operating costs of 
an electric furnace and a cold-melting shop have been 
considered fairly thoroughly, and information has been 
published (e.g., an excellent article by Ramseyer*). 


Mr. Robiette: If 40-50% of liquid metal is used, as is 
being done at Hamilton, Ontario, the power consumption 
can be reduced to 360 units/ton. 


Mr. R. W. Ritchie (Catton and Co., Ltd.) : Electric 
resistance furnaces have the advantage of cleanliness and 
ease of temperature control. It is, however, surprising 
to note that a large number are in use in spite of expensive 
electricity. Why not use gas or other cheaper fuels ? 

The figure of 525 units per ton of steel for arc furnaces 
is somewhat below my experience of about 650 units/ton; 
is this figure for plain-carbon steels or is it an average for 
all steels ? What is the comparison between consump- 
tion for melting alone in the are furnace and in the high- 
frequency furnace ? 

In the author’s reference to linings there is no mention 
of rammed linings, which appear to be popular in arc 
furnaces where oxygen lancing is used. What are the 
advantages of such linings in the basic are furnace ? 
What are the present limits of kW./ton on the are 
furnace? The highest figure in this country, to my 
knowledge, is about 650 kW./ton. The firm with which 
I am connected are at present installing two furnaces of 
nearly 700 kW./ton. American practice is, I understand, 





* C. F. Ramseyer, Iron Steel Eng., 1951, vol. 28, June, 
pp. 56-67. 
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much further ahead than this. What is the American 
maximum, and where does the future limit lie ? 


Mr. Howard: The power consumption of 525 kWh. 
that has been mentioned is intended to be for quite a 
large furnace making a carbon steel, probably of a rim- 
ming type, where it is a question of melting the steel 
and adjusting the carbon and oxygen contents. An 
overall power consumption of 525 kWh. ton is not very 
likely in a big furnace making the highest qualities of 
steel, where the sulphur and phosphorus must be down 
to very low limits and where the inclusion count must be 
down to the bottom limit, because of the long refining 
time, but this can be reduced by continuous stirring. 

Mr. Ritchie suggested the use of the rammed lining 
in an are furnace. By a ‘ rammed lining’ let us assume 
that a monolithic lining rather than a brick lining is 
meant, and let us first consider the acid-lined furnace. 
It is said in the paper that for an acid-lined furnace a 
brick-hearth furnace is often used. I favour the brick- 
hearth construction because it is comparatively easy to 
install where a furnace is in operation for the first time. 
A number of furnace users who have had these acid 
furnaces in operation for long periods have, however, 
evolved a technique and obtained a material from the 
refractory suppliers that enables them to ram in a lining 
from a plastic hydraulic material, giving this monolithic 
construction. In the basic furnace, almost all the linings 
are of a monolithic construction, very generally of a 
rammed type. The Americans have available plastic 
hydraulic types of basic ramming materials, sometimes 
of a magnesia base, which are not available in the U.K.; 
but there are in this country large deposits of dolomite, 
which is cheap and which should be used. The usual 
form of construction here is to make a monolithic 
dolomite hearth. These used to be rammed in place 
with an admixture of tar, but it is now found that a 
better construction of the hearth, and one which is more 
durable and more refractory, with a better life and 
fewer holes, can be given by a dry material which is so 
graded that it packs together to give the highest 
possible density. In the past, with 6% of tar, it was 
found on examining the hearth that there were 6% of 
voids when the tar had burnt out. 

The subject of kilowatts per ton, the power/weight 
ratio of the furnace, is quite involved. It is difficult to 
say what the answer is, because there are many factors 
to be taken into consideration. A great deal is heard 
about what has been done in America with these big 
power/weight ratios, but I think that in the U.K. we 
have power/weight ratios in suitable applications that 
are as high as any to be found in the U.S.A. Many 
furnaces that were installed in the war for a particular 
job of making tank links had 6000 kW. for a 4-ton 
furnace capacity, 7.e., 1500 kVA./ton of furnace capacity. 

There are, however, limiting factors in power/weight 
ratios. In the U.K. power costs have to be considered. 
They are often divided into what is called a two-part 
tariff, part-payment being per kVA. of maximum 
demand; with a very highly powered furnace, which can 
melt its charge in half the usual time and then spend a 
long time in refining, the cost of the power per ton of 
output will be high, because of this maximum demand 
charge. This two-part tariff may be extended with the 
present electrical distribution system, and the single 
highly powered unit, of a high power/weight ratio, may 
present a problem. With a battery of furnaces, however, 
a comparatively high power/weight ratio can be obtained 
without undue expenditure of maximum demand, because 

the cycle can be staggered, so that while the high power 
is being used in one furnace, refining is in progress in 
another, and pouring off in a third. 
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Fig. A—Relative response of amplidyne and hydraulic 
regulators. 


Mr. O. S. Steele (British Thomson-Houston Co., Ltd.) : 
The rotary type of electrode-position regulator has four 
main advantages : a speed of correction proportional to 
the error, high sensitivity, high speed of response, and 
low maintenance. 

The speed of correction is proportional to the magni- 
tude of the error for small errors, so that when the current 
is just a little larger or smaller than the pre-set value, the 
electrode speed is low. If the error is large, however, 
the electrode rapidly reaches top speed, and then, as it 
approaches its correct position, it slows down and stops, 
without any tendency to overshoot, thus promoting 
stable control. 

A high sensitivity is easily obtainable, so that the 
rotary amplifier is able to maintain the pre-set current 
accurately. It does this by amplifying the error signal 
before applying the necessary correction to the winch 
motor, so that only a small error is necessary to initiate 
corrective adjustment. 

An important advantage of the amplidyne regulator 
is that its initial speed of response is high. The response 
of an hydraulic regulator is, however, not instantaneous, 
as there is a delay of about 0-1 sec. between the receipt 
of the electrical impulse and the movement of the regula- 
tor. This time is required for the operation of the relay 
and the hydraulic mechanism. Figure A shows curves 
based on oscillograph records of maximum electrode 
speed plotted against time for a typical hydraulic 
regulator and an amplidyne regulator. The initial 
response of the amplidyne regulator is faster than the 
hydraulic regulator, as there is only 0:05 sec. between 
receipt of the error signal and electrode movement. 

The curves show that the amplidyne regulator will 
have attained nearly 20% rated speed before the hydrau- 
lic regulator has started to move. A high ultimate 
speed is relatively less important than a high initial 
response, since most electrode movements involve an 
electrode displacement of much less than 1 in., so that 
the working portion of the curves is well down towards 
the bottom. Consider the common case of the charge 
falling away from under the electrode: if the initial 
speed of response is high enough, the electrode will follow 
the charge down and will readjust itself to hold the 
current constant, but if the initial speed of response is 
low, there is a greater probability of the arc being 
extinguished. The rapid response of the amplidyne 
regulator is confirmed in that the are of a furnace so 
controlled rapidly becomes stable, usually within a few 
minutes of the start of the melt, and is seldom extin- 
guished after that initial period. 
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Maintenance of the rotary regulator is low and does 
not require highly skilled labour. The rotary equipment 
consists of D.C. machines and the control is constructed 
of standard components conservatively rated, so that a 
long and trouble-free life can reasonably be expected. 


Mr. Howard: My company has been associated with 
rotary regulators similar in type, though of a different 
name, to the one just mentioned, and about 30 furnaces 
with which I have recently been associated have regu- 
lators of our rotary type. It should not be thought, 
however, that other types of regulator do not have their 
own advantages. 

The hydraulic regulator has its advantages, and it 
must be remembered that it is not just a question of 
how far the electrode moves in a certain time, but of 
how quickly it gets moving. The function of the regu- 
lator should ideally be to maintain a straight-line power 
curve. High speed is not the main point; as Mr. Steele 
suggested, acceleration and retardation are very impor- 
tant. In this respect, it is preferable to keep the inertia 
of the parts down so that it can move or stop quickly, 
and in that respect the hydraulic regulator has some 
advantage; there need be no counterbalance weights to 
move and there is no motor that has to be started and 
stopped. Even with the rotary type of regulator, the 
motor has to be started and stopped. A regulator that 
could dispense with hydraulics and its maintenance and 
with the electrode-raising motor would be an advantage. 
That is one of the improvements that should be aimed 
at in the future. As I understand it, an electronic regu- 
lator will perform the functions of a rotary regulator 
and will supply to the electrode-raising motor the correct 
power, either negative or positive, of a high or low 
voltage, dependent on the requirements, received from 
the potential and current transformers. 


Dr. J. W. Rodgers (Imperial Chemical Industries, 
Ltd.): There is one aspect of electric-arec melting 
furnaces that will soon assume considerable importance. 
Some metals, because of their high melting point and 
high reactivity, cannot be melted in refractories, and 
for some of the near relatives to steel, such as tungsten, 
molybdenum, vanadium, chromium, titanium, and 
zirconium, are melting in a water-cooled copper crucible 
is an effective method of obtaining cast ingots in place 
of consolidated metal made by powder-metallurgical 
techniques. 

The principle of the water-cooled copper crucible 
depends essentially on the fact that a metal of a very 
high melting point can be melted on water-cooled copper 
without any metallurgical contact between the two 
metals. In other words, a small bead or an ingot can be 
melted on a water-cooled copper plate or crucible without 
welding occurring between the charge and the plate, in 
spite of the fact that the melting point of the metal 
melted may be several hundred degrees higher than that 
of copper. 

This started as a laboratory curiosity, but arc furnaces 
have been developed in the last few years that are capable 
of turning out ingots up to ? ton in weight, and even 
larger furnaces are being made. These furnaces have 
been developed by the metal producers themselves and 
work fairly satisfactorily, but their development has 
indicated the existence of serious gaps in our knowledge 
of the physics of electric furnaces. Two examples are 
the nature of the thermal discontinuity between the 
molten charge and the water-cooled copper crucible, and 
the properties of metallic ares. Further fundamental 
research work is needed in this field. 

The water-cooled copper-crucible arc furnace depends 
for its economic operation on a fairly exact balance 
between the rate of input of charge and the rate of input 
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ofenergy. There is, however, surprisingly little informa- 
tion about the physics of the metallic arc, such as, for 
instance, the influence of the composition of the furnace 
atmosphere on the potential difference between the 
electrodes, the mechanism of the stirring introduced by 
the arc, and the distribution of energy liberation in 
various parts of the arc. These are all matters calling 
for fundamental study. It is possible to design an arc 
furnace on the basis of experience, but this is apt to be 
very expensive and not easily capable of extrapolation. 
In view of the increasing importance of this type of 
furnace, electric-furnace manufacturers and pure-scienti- 
fic research establishments should give some thought to 
the problems involved in this type of melting. 


Mr. Howard: I agree with Dr. Rodgers that this 
matter needs urgent study, because it definitely has 
certain applications. They are of necessity limited, and 
will probably be confined to melting material that must 
not be contaminated with refractories. The furnaces 
with which we are most concerned have to be economic. 

Water-cooling is used in certain parts of these furnaces, 
but melting in a water-cooled chamber is out of the 
question. Where, however, the conditions are such as 
to make it necessary, this type of application definitely 
has a future use. 


Mr. D. F. Campbell (Electric Furnace Co., Ltd.): I 
propose to limit my remarks to the relative merits of 
large electric and open-hearth furnaces, as I have recently 
had the opportunity of discussing this question with 
leading furnace operators in the U.S.A. For the purposes 
of this discussion, I propose to define a large electric 
furnace as one of 60-100 tons capacity and of the 
3-electrode Héroult type. It is generally considered 
inadvisable to increase the size of these furnaces above 
that figure and, in this respect, I disagree with the 
remarks of Dr. Leckie that there would be increased 
economy as a result of the use of much larger furnaces. 
Higher power may be used to increase the speed of melt- 
ing but, to take the analogy of the Bessemer converter, 
which has always remained moderate in size, it is more 
advantageous, from the point of view of capital expendi- 
ture, to limit the size of individual melting units. The 
cost of buildings, cranes, and all other equipment is 
very much less in the case of a 60-ton electric furnace, 
which will produce the same tonnage of steel as an open- 
hearth furnace of 2-24 times the bath capacity. 

There is no doubt that there are steels that ought to be 
made in acid open-hearth furnaces to obtain certain 
qualities that are difficult to produce in the electric 
furnace. There is, however, in the U.K. a great oppor- 
tunity to increase the output of electric steel, as the pro- 
duction is about 915,000 tons/year, compared with 
8,000,000 tons in the U.S.A., where the electric-furnace 
output is between 7% and 8% of the total steel produc- 
tion. Although there are three principal makers of 
electric furnaces in the U.S.A., almost all this steel is 
produced in furnaces built on the principle invented by 
Paul Héroult, with three electrodes on the top. 

It is dangerous to compare British conditions with 
those in the U.S.A., because at the present time the whole 
economics of steelmaking in the U.S.A. is being upset by 
the enormous development of natural gas, which is now 
being piped from Texas all over the Middle West, right 
up to Cleveland and Pittsburgh, and also from Oklahoma 
to California. This natural gas, which is obtained simply 
by drilling a hole in the ground, has made gas a very cheap 
fuel. Electricity in the U.S.A., on the other hand, is 
generally no cheaper than it is in the U.K., and, at least 
in Pittsburgh, the cost of electricity and the maximum- 
demand conditions are as bad as they are in this country, 
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so that it cannot be argued that very cheap electricity 
in the U.S.A. is the cause of this big development. 

In the U.K. there are many small open-hearth furnaces 
of under 60 tons capacity that ought to be replaced by 
electric melting. The question of scrap supply will, 
however, become critical if any large increase in electric 
steel should occur. There is little doubt that, in the 
future, electric furnaces will have to fall back on other 
raw material, such as pelletized concentrates that have 
been treated with reducing gas, or sintered products. A 
certain proportion of liquid iron can also be added to 
electric-furnace charges with advantage in speeding 
up the process and reducing cost, and the preheating 
of scrap in charging baskets is also likely to prove 
economical. 

Incidentally, the largest iron-ore deposits within a 
thousand miles of Great Britain are in the Dunderland 
Valley in Norway, where there is a vast deposit of ore 
suitable for concentration, and it seems logical that 
within the next ten years extensive supplies of materia] 
suitable for electric-furnace treatment should be avail- 
able from this source. 

The steel trade consists of many different sections. 
Taking flat rolling in South Wales steelworks, there is no 
reason for their furnaces, in present circumstances, to be 
replaced by electric furnaces. On the other hand, there is 
a lot of steel made in the Sheffield area in comparatively 
small open-hearth furnaces that will probably be replaced. 

One difficulty in determining the correct process for 

making steel is the artificial price of scrap in the U.K. 
Scrap in Pittsburgh is about three times the price of scrap 
in this country, and that also upsets the equilibrium in 
comparing American with British conditions. For the 
future, I think that the 70-80-ton electric furnace, 
operating with at least twice the speed of an ordinary 
open-hearth furnace, will be quite large enough. The 
-apital expenditure in any steelworks depends to some 
extent on the weight of the unit and the ground and 
buildings that are required. There is, therefore, room 
for a large expansion of electric steelmaking in this 
country to replace the smaller open-hearth furnaces, and 
there is also a great possibility that the process will start 
direct from foreign iron-ore concentrates, without going 
through the blast-furnace. 

I believe that within a few years a great deal of 
steel for tube-making and for merchant bar will be made 
by continuous casting. With continuous casting, very 
large changes are not needed, and a 50—60-ton furnace is 
probably the maximum that will be required for the 
continuous casting of billets, blooms, and slabs. 


Mr. J. H. Flux (United Steel Companies, Ltd. ) : Are- 
furnace capacity in the U.S.A. has increased in three 
marked stages: first, during World War I; secondly, 
during World War IT; and thirdly, in the post-war period. 
In 1939 the capacity was just under 1,000,000 tons ; in 
1945 it was 3,000,000 tons; and now it is just over 
8,000,000 tons. About half of the present output is 
common-grade steel and the bulk of the increase in 
capacity over the past few years has been for that type 
of steel. 

Although the Americans are now making large 
quantities of steel in the electric-are furnace in competi- 
tion with the open-hearth, it should not be assumed that 
these conditions will continue indefinitely. The open- 
hearth furnace is by no means dead and the Americans 
appreciate that the power companies and scrap suppliers, 
whose prices are at present fixed and in favour of the are 
furnace, will increase their charges, thus taking some of 
the present profit away from electric steelmaking, but 
until then, the are furnace can compete with cold-metal 
open-hearth furnaces. The capital cost of an are- 
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furnace installation is low compared with that of an 
open-hearth, and it can be installed in areas where there 
are local scrap supplies and a demand for steel. For 
example, the cost of conveying scrap 100 miles is just 
about enough to pay the power and electrode cost of 
electrically produced steel. It is, therefore, possible to 
install small steel-producing units serving local industry 
and for this purpose are furnaces are ideal. A good 
example of the effect of geographical location is the plant 
80-100 miles from Chicago producing wire products. 
The good scrap is taken to the established steel-making 
centre (Chicago), but the bad scrap, which does not justify 
the freight charge, is left behind. It is not a drug on the 
market, since it is used locally in electric furnaces to 
produce cheap steel. 

Mr. Campbell referred to the high price of scrap in 
America. I suggest that in America, as in this country, 
scrap is relatively cheap. Before World War I the price 
of scrap per ton was equivalent to a labourer’s wages for 
100 hr. (7.e., $16.00), but at the end of World War II, 
when the labouring rate for 100 hr. was $140.00, the 
controlled price of scrap was only $42.50 per ton plus 
freight and bonus. Even so, the most expensive scrap 
costs only about $50.00 per ton, whereas cold pig iron for 
the cold open-hearth shop costs about $80.00. Owing to 
shortages, most of the available pig iron is used by the big 
combines in their hot-metal open-hearth plants, and there 
are cold-metal shops in the U.S.A. importing Mexican 
cold pig at $80.00 plus $13.00 per ton freight charges. 
As new power plant is installed in the U.S.A., the cost of 
power must inevitably rise, so that when the price of 
scrap represents its true market value and the cost of 
power is revised, the present advantages of the arc 
furnace may tend to disappear. 

In the U.K. we cannot afford the power charges, and 
the Company with which I am connected is trying to sub- 
stitute a method of oil-firing for electric melting, so as 
to reduce melting costs. It is accepted that for high- 
grade steel there is no metallurgical advantage in melt- 
ing electrically, the great advantage of the arc furnace 
being in the refining stages. 

Mr. Howard showed a photograph of a gas-fired hold- 
ing furnace used together with a couple of high-frequency 
furnaces. Gas-fired holding furnaces are fairly well 
known, but with the development of continuous casting, 
instead of replacing big steelmaking units by small arc 
furnaces to get small heats, steelmakers may want to use 
existing open-hearth plant and to hold the open-hearth 
metal for some time. What are Mr. Howard’s views on 
the possibilities of either low-frequency or high-frequency 
holding for this purpose ? The cost of the high-frequency 
installation might be lowered by not providing for melt- 
ing, but having just enough power to keep the metal hot 
enough for casting. 


Mr. Howard: I agree that Ramseyer’s paper is hypo- 
thetical. Papers of that kind have to be, because the 
author has not the data to compare the two types of 
installation. Ramseyer gives some figures about electrode 
consumption and power consumption that may seem 
a little optimistic, but in his summing-up he does say 
that the cost of the electric-furnace shop is about half 
that of the open-hearth shop, which allows for a small 
margin of error due to his optimism. 

The gas-fired holding furnace mentioned is in fact in 
use with cast iron. There are larger installations of 
holding furnaces elsewhere, and the iron can be put into 
the furnace with sufficient superheating and heat reserve 
for actual firing not to be necessary. In the one that I 
mentioned, just enough gas is played on the roof (about 
1000 cu. ft./hr.) to keep pace with the radiation losses 
and maintain a suitable temperature. A mixer of this 
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type would not be suitable for the process that Mr. Flux 
has in mind. 

The high-frequency furnace, the normal-frequency 
furnace, and the are furnace are all potential means of 
providing heat for holding purposes for continuous steel 
casting, and each has its particular merits. The are 
furnace has the difficulty that it uses electrodes, which 
makes it more expensive to run than the high-frequency 
furnace. With the high-frequency furnace principle, it 
is certainly practical to devise and design a coil and a 
furnace and inductor so that it can operate on a power 
rating that is sufficient to offset the radiation losses. 
Such an installation would be much cheaper than an 
installation for melting a similar quantity of metal. 

One of the problems in using the high-frequency 
furnace is that of catering for varying volumes of metal 
in the furnace. Means of adjusting the power to the 
furnace as the level of the metal recedes would be 
needed. The power in a high-frequency furnace depends 
on there being metal in the furnace, and the power varies 
as the amount varies. 

One other point, which is probably in favour of the 
are furnace principle, is that a holding furnace for this 
class of work probably has to maintain molten metal 
over long periods, so that it is reassuring to have a good 
thickness of refractory. This is possible in an are furnace 
but not in a high-frequency furnace; the thickness of 
refractory lining in the latter is limited if a reasonable 
efficiency is to be obtained. 

A normal-frequency induction furnace might also be 
used, and all the remarks about high-frequency apply 
to normal frequency, if it is available. The only merit 
of the high-frequency furnace is that it provides alter- 
nating current at a frequency that can be conveniently 
used in practice in a furnace. If a normal-frequency 
furnace could be used for the same function, with the 
same control and efficiency and reliability that a high- 
frequency furnace gives, the high-frequency furnace 
would not exist. The normal-frequency furnace must be 
large, and so it is more difficult to deal with the metal 
when there is only half the full quantity in it. 


Mr. J. Mowat (William Beardmore and Co., Ltd.) : 
Mr. Howard has raised our hopes by saying in his paper 
that electric furnaces are economically sound, but ends 
by saying that “there is not likely to be any wide use 
of smelting furnaces in this country until power is much 
cheaper.” He did raise the possibility, however, of 
staggering the furnaces to reduce the maximum kVA. 
demand on the furnaces. That is not a very practical 
proposition because the loss in production is greater 
than the gain in cost. What are Mr. Howard’s views on 
duplexing, and what methods of duplexing does he con- 
sider might be introduced whereby the melting of the 
steel, which is the highest cost of electric-furnace pro- 
duction, may be done more cheaply and electric furnaces 
used merely for refining ? 


Mr. Howard: The power demand on furnaces is now 
being staggered in practice in some works, and, in my 
opinion, justifies its inconveniences. If a seven-day week 
were in operation, and holidays were adjusted to suit 
the needs of production, melting periods and operations 
could be staggered differently. This would not increase 
production, but it would give a greatly decreased cost of 
power. 

In regard to duplexing, I have already asked why we 
should go through the cast-iron stage when we start 
with an iron ore, but that is probably something for the 
distant future. At present we have to deal with pig iron 
from the blast-furnace as it is known to-day. I also agree 
that melting is the most expensive part of the electric- 
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furnace process, and it would be an advantage if this 
could be done elsewhere and duplexing applied. There 
are various furnaces that could be used; the open-hearth 
shop is not satisfactory, because the cycle time in an 
open-hearth furnace is long, and the refining time in 
an are furnace, for the classes of steel contemplated in 
this bulk production, would be comparatively short. 
The problem would be to arrange a duplex system with 
an open-hearth shop to get the desired conditions. 

There is still a future for the Bessemer converter, 
possibly with oxygen blowing in cases where there is 
not enough phosphorus, for some of the lower grades. 
The converter gives small amounts of metal at intervals 
of 20 and 30 min.; using a converter and electric furnaces 
for the higher-quality work, and with a means of diverting 
Bessemer steel to make low-grade steels where it would 
not be convenient to put them through an are furnace, 
it might be an ideal way of making a wide range of steels 
in a single works. 


Mr. R. M. Charley (English Electric Co., Ltd.) : 
Electricity distribution would not be possible on the 
scale that we know to-day if it were not for the trans- 
former. An arc-furnace transformer needs a high degree 
of skill in its design and construction, and one of the most 
important features about the design is mechanical 
strength. Everyone has seen an arc furnace in operation 
with the leads from the transformer to the furnace swing- 
ing as a result of mechanical forces. The current that 
produces those forces passes through the transformer 
winding and causes severe mechanical forces there. It 
is very difficult to protect an are-furnace transformer in 
the electrical sense by the usual means, but the Buchholz 
device gives complete protection to the windings and the 
core, and, in fact, to the whole of the transformer con- 
struction inside the tank. I therefore suggest that all 
arc-furnace transformers should have Buchholz _ pro- 
tection. 

One of the biggest problems in the design of an arc- 
furnace transformer is to obtain the voltage tappings 
that the furnace designers want. The range of voltages 
is usually very wide ; the tappings must be placed on 
the high-voltage windings, and the switching arrange- 
ment is usually made so that the winding can be con- 
nected in either delta or star, thus doubling the number 
of voltages that can be obtained with a certain number 
oftappings. This arrangement is essentially for off-load 
tap-changing, but it has been found in the interests of 
arc-furnace operation that on-load tap-changing is 
worthwhile. Two of the largest arc-furnace trans- 
formers ever built in the U.K. are now being constructed 
with on-load instead of off-load tap-changing. This is 
a tremendous advance in the operation of are furnaces, 
and will bring great benefits. Steelmakers assert that 
it increases the output from the furnace, because they 
do not have to shut down to change tappings. There 
are other benefits: the service on the switchgear is 
lighter, and the‘ bumps’ that the operation of the are fur- 
nace gives to the electricity supply are greatly reduced— 
users should apply for rebate from the Supply Authority 
for providing better operating conditions. 

The cost of providing on-load tap-changing on an arc- 
furnace transformer varies greatly over a wide range of 
transformer sizes and supply voltages. On the smaller 
sizes and at the lower voltages, it may increase the cost 
of the transformer by 20-30%. On the larger units, the 
increase may be smaller; for very high voltages, the 
increase may be greater, because a booster may have to 
be used between the supply and the main transformer. 
Nevertheless, in spite of the increased cost, I am assured 
by arc-furnace designers and operators that on-load tap- 
changing is justifiable. 
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Fig. B—Contacts from air-blast circuit-breaker 


An are-furnace transformer must be controlled by a 
circuit-breaker. There is no more onerous service on a 
breaker than are-furnace operation. In the past, the 
only circuit-breakers available were oil-breakers. Un- 
fortunately, there were serious accidents in the past due 
to oil-breakers blowing up. Some years ago, air-blast 
breakers were developed and since 1938 they have been 
used on are furnaces with great success. Figure B shows 
some contacts taken from an air-blast breaker installed 
in 1938. When these contacts were taken out some 
months ago, the breaker had performed about 500 
operations per week, a total of about 26,000 operations, 
without any change to the contacts, and even then there 
was no need to replace then. That in itself is a justifi- 
cation for air-blast breakers for are-furnace service. 


Mr. D. Pearson (Steel Peech and Tozer) : On p. 288 of 
his paper, dealing with automatic regulators for arc 
furnaces, Mr. Howard says “ There is a preference for the 
rotary regulator, which has a separate D.C. generator 
feeding the D.C. operating motor on each electrode.” 
This method requires the provision of ropes, pulleys, and 
counter-weights ; in place of weights a torque motor 
could be used, or the supply of reverse current to the 
operating motor, to counter the weight of the electrode 
mechanism. I have seen a furnace with the hydraulic 
system of control, and in my opinion this is a very good 
and simple system. 

In regard to Mr. Howard’s remark about leaking 
glands causing a dirty furnace, that could be overcome 
by making sure that the rams are properly finished and 
protected from dust and grit by an extendable cover. 

There is a market in this country for induction furnaces 
for heating small bars for rolling and forging purposes. 
The motor-generator rotary converter, with its necessary 
cooling equipment and frequent maintenance require- 
ments, is very expensive. What are the snags in the 
development of mercury-are inverters for use as fre- 
quency changers from the normal 50 to 900-1200 cycles 
sec.? If something simple and cheap were available, 
more electric induction furnaces would be used in the 
steel trade. 


Mr. F. T. Bagnal! (Samuel Fox and Co., Ltd.) : Imust 
disagree with Dr. Leckie’s statement that British electric- 
steel managers are not interested in electrode consump- 
tion, and that this is the reason for our figures of 15 lb. 
ton compared with 9-10 lb./ton in the U.S.A. The 
published American figures are based on the single-slag 
process used in the production of rimming and semi- 
killed steels, whereas the British figures are for quality 
steels, using two or more slags. It is an established fact 
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Fig. C—Sectional sketch of electrically heated soaking 
pit 


that two-thirds of the electrode is consumed during 
melting and one-third during refining, so that the 
difference between the two figures is insignificant. 
During my recent visit to the U.S.A. I found that where 
quality steels were being regularly produced in are 
furnaces up to 50 tons in capacity, an electrode consump- 
tion of 14-15 lb./ton was looked upon as good practice. 


Mr. Howard: I was very interested in what Mr. Charley 
said about on-load tap-changing gear. He knows that 
I have been pushing for this for some time. I should like 
to ask electric-plant manufacturers to remember that 
we are most anxious to take full advantage of any 
improved equipment and material that they can offer. 

On the question of the mercury-arc inverter, we should 
like to use it if we can obtain one that is more efficient 
and reliable than the motor generator. 


CORRESPONDENCE 


Mr. N. D. Thomson (United Steel Companies, Ltd.) 
wrote : I should like to mention a novel type of resistor 
furnace. This particular application is an electrically- 
heated soaking pit. Essentially, it is as shown in Fig. C, 
and consists of a number of single cells arranged in line 
with a silicon-carbide electrical conductor running 
through all the cells. The silicon-carbide conductor is in 
the shape of a channel and contains a coke material. A 
heavy current passes through the resistor and brings 
the ingot up to temperature by radiation from it. Pits 
of this type are in operation in a steelworks in Oslo where 
1-ton ingots are heated, and, with hot charging, require 
about 70 kWh./ton to bring them to rolling temperature. 

Using an electrical resistance to radiate heat involves 
certain losses and wear and tear on the resistors, and it 
therefore seems more logical to put the heat into the body 
to be heated by passing a heavy electric current directly 
through the body. This is not always possible, especially 
with shapes of large or uneven cross-sectional area, but 
it can be done successfully for such items as wire and 
billets. It is not uncommon to anneal a number of 
strands of wire by passing an electric current through 
them. 

Direct-resistance heating of bars and billets has been 
used for some time for such applications as bending, 
forging, riveting, etc., but recently some thought has 
been devoted to the heating of billets by this means for 
use in rolling mills. The problem here is to avoid having 
black ends on the billet, where they are clamped by the 
contacts. I believe that a plant exists in Switzerland 
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where direct-resistance heating is being used for billets 
for subsequent rolling. 

Direct-resistance heating has certain advantages over 
induction heating in specific applications in that the 
power consumption is less and the capital cost of the 
installation is usually smaller also. The justification for 
either induction or direct-resistance methods of heating 
is mainly based on: 

(i) Ease, cleanliness, and speed of handling 

(ii) Reduced scale loss, owing to the speed of heating. 
This is valuable in the case of alloy steel and may 
offset the higher cost 

(iii) Lack of standby losses. This is especially im- 

portant where single- or double-shift operation 
is being considered. 

In asense, direct-resistance heating does not constitute 
a furnace but it performs the same end function, and I feel 
it is quite appropriate to mention it here. 


Mr. W. Ernest (United Steel Companies, Ltd.) wrote : 
It would be very interesting to have the author’s views 
on one or two matters connected with the application of 
electric heating to re-heating and heat-treatment of 
steel. 

On this subject, there are in general two schools of 
thought. The first is unreservedly in favour of applying 
electricity for heating purposes wherever possible, 
because of the cleanliness, convenience, and ease of 
control. The second condemns the use of electricity for 
heating purposes in principle, on the grounds that, 
although the efficiency of heat release is high and can 
approach 100% in resistor furnaces, power is normally 
generated from coal at efficiencies of about 20%, and 
so its cost must always be higher than that of basic fuels. 

For many purposes, particularly final heat-treatment 
of machined parts, where product value is high and uni- 
form control of paramount importance, electric furnaces 
will be increasingly used. In many other cases, when 
heating variable quantities and sizes, especially on an 
intermittent-production basis, electric heating may, in 
fact, give a lower overall fuel cost because of the reduction 
in standby losses and ease of control. For many pur- 
poses, electric furnaces compete with gas- and oil-fired 
furnaces on the same application, and it would be inter- 
esting to have the author’s views on the relative 
economics, with particular reference to the size factor. 
As a typical and important example, one might cite the 
bright-annealing of cold-rolled strip, where both electrical 
resistance furnaces and radiant-tube gas-fired furnaces 
are in widespread use. In addition, the continuous- 
tower annealing furnace has recently come to the fore ; 
in this strip is usually heated electrically, either directly 
or indirectly. In a paper by Pollard and others*, it was 
tentatively suggested that coiled-strip annealing require- 
ments of up to 100 tons per furnace week would best be 
met by electric pot-type furnaces, whereas, for larger 
outputs, gas-firing would prove more economical. 

In the heat-treatment of bars and forgings, particu- 
larly in the high-carbon range, considerable advantage 
would be anticipated from electric heating because of the 
reduction in surface decarburization, especially if direct 
and more rapid methods (induction or direct resistance) 
can be used without damage to the material. Test 
figures or comparative data would be very interesting. 

In regard to the use of direct-resistance or induction 
heating for the through-heating of billets to forging or 
rolling temperatures or for the heating of stock for drop 
forging, the capital costs of the equipment are at present 





* R. D. Pollard, H. Edwards, J. F. R. Jones, and 
J. Bromley Davis, J. Iron Steel Inst., 1949, vol. 162, 
pp. 79-97. 
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prohibitive. In many cases, the actual heating cost com- 
pares favourably with conventional fuel-fired furnaces, 
especially where the weight of stock to be heated per hour 
is small compared with the weight and heat capacity of 
the conventional furnace structure. The biggest factor 
to offset such capital expenditure is the reduction of scale 
formation with increased yield and reduced die wear in 
the case of drop forging. Perhaps the author could 
supply actual figures of scaling rates for induction- 
heated billets, and could also give an indication of the 
reduction in die wear when conventional equipment has 
been replaced by induction heating. 


Mr. A. Jones (Thomas Firth and John Brown, Ltd.) 
wrote: Mention has been made of the need to increase 
the secondary voltage to obtain the requisite power 
input to the envisaged 80—100-ton are furnaces. 

To keep the ‘top heat’ within reasonable limits to 
ensure economic side-wall and roof life, the maximum 
secondary voltage must not be greater than 280-300 V. 
In the Héroult design, higher voltages than this are out 
of the question because of the ‘top heat ’ problem, and 
so the extra energy must be obtained by increasing the 
current. However, an increase in current rapidly in- 
creases the electrical losses, which are proportional to 
the square of the current. 

To obtain the obvious benefits of higher secondary 
voltages, the Greaves-Etchells system ought to be adopt- 
ed. This will enable a substantial portion of the voltage 
to be dropped across the bath, keeping the arc length 
and, consequently, the ‘ top heat ’ down to a minimum. 

I should like to have Mr. Howard’s comments on this, 
and on whether the inherent weakness of the bottom- 
electrode furnace can be eliminated by using conducting 
refractories or metal-encased bricks, which would enable 
the bath connection to be made on the furnace shell. 


AUTHOR’S WRITTEN REPLIES 


Mr. Howard wrote in reply to Mr. Jones: I do not 
quite agree that the maximum secondary voltage on a 
larger furnace must not be greater than 280-300 V. In 
considering the maximum voltage, it is also necessary to 
consider power requirements. The maximum voltage 
of 280-300 V. is too high for a transformer rating of 
10,000 kVA., and would cause considerable overheating 
of the roof brickwork and side walls. On the other hand, 
the maximum voltage of 280-300 V. is much too low 
for a transformer of 20,000 kVA. There would be 
appreciable loss of efficiency as a result of the very heavy 
current. In general principle, I am sure that Mr. Jones 
and I are in agreement that the maximum voltage should 
never be any higher than essential, because too high a 
voltage does incalculable harm to the upper refractory 
work. 

On the basis that heat is required in the steel and not 
in the upper part of the furnace, a bottom-electrode 
furnace should be an improvement. In the past, however, 
there has been so much trouble with this type of hearth 
that bottom-electrode furnaces have gradually fallen out 
of favour. It is felt that the trouble with a conducting 
hearth with the very large powers required for these 
large furnaces would be even greater. 


Mr. J. McMullen (Electric Furnace Co., Ltd.) wrote in 
reply to Mr. Ernest: I should have thought that 1 kWh./ 
Ib. of coal, equal to an efficiency of about 25%, is still a 


fair average, but possibly the newer power stations are 
operating at a higher efficiency than this. However, the 
cost of fuel or electrical energy in terms of its B.Th.U. 
content is not of itself of any real value in assessing the 
economy of a heating process. What is of concern is 
the cost of the B.Th.U.’s that are actually absorbed by 
the steel, as this figure reflects the operating efficiency 
of the process. 

It is not proposed to attempt any comparison between 
the different methods of heating, and in any case general 
comparisons are dangerous, since location and conditions 
at site must be taken into consideration. It may, 
however, be pertinent to mention the various points 
that should be considered in selecting the type of furnace 
for any particular process. 

To the cost of basic fuel it is necessary to add any 
additional costs incurred by the necessity of storage, 
handling, additional labour, and any employment of 
labour of a special type. Output per unit area of floor 
space is often a consideration, and maintenance, which 
varies with the method of heating, is often an important 
item. Where product value is high, the ease and accuracy 
of temperature control, the readiness with which the 
heat input can be matched to the varying demands in 
the different parts of the furnace, and the avoidance of 
excessive scaling of the treated parts will always be 
considered. Where the parts are to be treated in the 
presence of a controlled atmosphere, the choice will be 
limited to either electrical heating or gas-fired radiant 
tubes, except in those cases where the charge is separated 
from the source of heat by a gas-tight envelope, as, for 
instance, in cover furnaces. 

In many cases the resistors are in contact with the 
controlled atmosphere, and, within the permissible 
temperature range of the resistor material, this is in 
general no disadvantage. The same applies to the gas- 
fired radiant tube, except that the inside of the tube 
is also in contact with the products of combustion, which 
may or may not be high in sulphur. Where the charge is 
contained in a gas-tight envelope, the conditions outside 
the cover are the same for the radiant tube as for the 
electrical resistor, but with direct firing the effect of the 
products of combustion on the cover must be considered. 

The paper by Pollard et al. is an admirable description 
of their experience at a particular site on a particular 
product, but I am uncertain whether it is suggested that 
greater economy on large outputs is to be expected from 
gas-firing, or whether it is meant that the portable cover 
furnace, which they think should be gas-fired, is more 
economical in this output range. Furthermore, I am 
not clear on what is meant by ‘ economy ’ in this context. 

With the resistance furnace the designer prefers to fix 
an upper limit to the energy dissipation per unit area of 
resistor, and this, in turn, fixes the capacity of a given 
furnace. Any inefficiency in operation, therefore, results 
in a decrease in furnace capacity. No such limit applies 
to a gas-heated furnace, which can be boosted to give 
an output often well above its nominal rating; this, 
however, is surely accompanied by a lowering in thermal 
efficiency. 

In the paper referred to, both operating efficiency and 
maintenance have received attention, and it is interesting 
to note the comparison of open-fired cover furnaces with 
the radiant-tube type. This paper provides confirmation 
that any consideration of alternative methods of heating 
must take into account a great many factors, not all of 
which are of general application. 
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PROCEEDINGS OF THE AFTERNOON SESSION: 2.0 P.M. to 4.30 P.M. 


Discussion on the Paper— 


ELECTRIC DISTRIBUTION IN IRON AND STEEL WORKS* 


Mr. T. B. Rolls (McLellan and Partners) introduced 
the paper. He pointed out that in Fig. 1, the size of the 
generators in Margam Power Station should be 8 MW. 
and not 0-8, as printed, and that the first sentence of the 
section headed “* The 11,000-V. Supply ” (p. 167) should 
read ‘‘ The voltage was used for the internal works dis- 
tribution, for generation, and for motors over 3000 h.p.”’. 

Mr. N. Thompson (Richard Thomas and Baldwins, 
Ltd. ) : The authors have provided a very excellent and 
instructive paper, worthy of study by all electrical 
engineers associated with steelworks, rolling mills, etc., 
under construction, modification, or maintenance. The 
Abbey and Margam plant is well designed and carefully 
constructed, and it is a credit to those responsible for 
its design, layout, installation, and operation. It marks 
a milestone in engineering, and has re-established the 
Welsh tinplate and sheet industry in a very competitive 
field. 

The maintenance of supplies during the construction 
period can be very difficult, especially if the output of 
existing units is likely to be affected. Unless everything 
is carefully controlled, a state of chaos can exist between 
those who have to maintain production, since it is by 
production that money is earned, and those purely con- 
cerned with the project for the new plant. 

At Ebbw Vale we had to have 25,000-V., 2200-V., and, 
in certain cases, 550-V. supply systems ; this-had its 
difficulties, but at Margam these seem to have been over- 
come in a very workmanlike way. It is a pity that short- 
term economics often influence the engineer’s vision, 
so that he can seldom install what appears to be a sound 
long-term investment. 

The assessment of load is one aspect of electrical 
engineering that should not be influenced by short-term 
economics. It is interesting to note that Abbey and 
Margam were handicapped by lack of data, but never- 
theless they seem to have catered for everything. 

There are in the North of England two schools of 
thought about the choice of switchgear in regard to the 
rating of circuit-breakers. One is that, as the authors say, 
the circuit-breakers should be 25, 30, or 50% in excess of 
the full-load rating of the transformer. The other is that 
the circuit-breaker should not exceed the full-load rating 
of the transformer, because the tendency is to overload 
the transformer. The easiest solution is to frighten 
one’s superiors by saying that the switchgear is likely 
to blow up rather than by saying that the transformer is 
likely to burn out. 

The reliability of steelworks switchgear should be 
beyond question. There are certain cases where units 
that operate successfully on supply authorities’ networks 
appear to fail in steelworks service. Switchgear manu- 
facturers seem to be unable to account for this, which 
suggests that steelworks and rolling mills are a proving- 
ground for the manufacturer. 

What was the authors’ experience with the pumpless 
steel-tank type of rectifier compared with the glass-bulb 
type ? At Ebbw Vale on three occasions in the past two 
years, separate steel-tank units have had to be recon- 
ditioned owing to loss of vacuum. So far, the manu- 
facturers have not been able to find the exact cause of the 
trouble. I have reverted to the glass-bulb type, with 
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which the worst that can happen is for someone to throw 
a hammer at it ; there is not likely to be much trouble 
from loss of vacuum. 

What are the authors’ views about operating the 
3300-V. system with an unearthed neutral in the light of 
Regulation 20 of the Electricity Special Regulations 
under the Factories Act? This regulation lays down 
four conditions of earthing: the direct earth, earth shield, 
potential-operated relay, or electrostatic spark gaps. 

The control system at Margam and Abbey is an 
efficient and well-balanced centralized control, but I can 
recall much experience gained in certain large rolling 
mills that resorted purely to a ring main. Is the extra 
capital required for the extra facilities provided offset to 
some extent by the effectiveness of the control that is 
obtained, in comparison with the old-fashioned method 
of running a good piece of equipment continuously and 
inspecting it at intervals ? If anything goes wrong, the 
usual practice is for the senior shift electrician or the 
shift foreman, who is conversant with the general dis- 
tribution network, to restore the supply. 

Permit-to-work cards should be issued to cover the 
maintenance and control of all classes of electrical 
machinery and equipment where danger may be present. 
At Ebbw Vale we have carried the permit-to-work card 
of the type outlined in the paper right down to switch- 
fuse gear. Before anybody can work on any equipment 
that is energized or motored by electric power, he must 
receive a permit-to-work card, and the supply is not 
restored until the permit-to-work card is cancelled. 

I agree with the authors’ views on plant maintenance, 
but the main difficulty with such a scheme is to keep it 
in continuous operation. The system starts well, but 
tends to get behindhand. The authors have set out a 
very efficient daily report sheet for electricians, and they 
state that although their system is not yet complete it 
covers items of equipment involving about 40,000 
annual inspections, which are presumably for switchgear 
alone. In view of the fact that we have now to operate 
in a buyers’ market, what do the staff required to carry 
out such inspections represent in terms of the cost of 
the product (either the cost per base box or the cost per 
ton of product) ? 

Mr. E. C. Slater (Steel Company of Wales, Ltd.): 
Before commissioning begins at a new plant, a code of 
safety regulations should be prepared ready to put into 
operation. On the question of steel-tank versus glass-bulb 
rectifiers, at Abbey Works, excluding the hot-finishing- 
mill installation, which consists of 30 700-kW. steel-tank 
rectifiers, we have 24 steel-tank and 10 glass-bulb recti- 
fiers, and both types have been operating for three years 
without a failure. A point to be considered when deciding 
the type of rectifier to be used is the amount of space 
available and the extra building costs incurred in 
accommodating the glass-bulb equipment. The steel- 
tank design has been developed for unit outputs in excess 
of 500 amp., when this type begins to be an economic 
proposition. 

From an operating point of view, we have found 
nothing wrong with the 3-3-kV. unearthed system. 





* J. Iron Steel Inst., 1953, vol. 173, pp. 163-176. 
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Cables with one core down to earth have been kept in 
service until supplies can be made through alternative 
feeders. Motors have operated under similar conditions. 
The fault damage is restricted and thereby gives repair- 
shop personnel an opportunity to trace the origin of the 
fault. One disadvantage is that faults to earth on cables 
usually have relatively high resistance values, which 
makes fault location difficult. 

Centralized system control is unquestionably worth- 
while, and has proved indispensable under normal 
operating conditions, especially in times of emergency. 
On a highly interconnected system a switching operation 
in any sub-station naturally reacts upon other stations, 
and the resultant effect cannot be judged unless a 
centralized indication system is available. Centralized 
control also enables important sub-stations to be left 
unattended. 

The ‘ permit-to-work ’ card shown in the paper is an 
essential part of the rules governing work on high-voltage 
apparatus and is not applicable to work on low-voltage 
apparatus. However, there is a ‘ permit-to-work ’ 
system covering work on apparatus operating at medium 
and low pressures. 

No insurmountable difficulties have been found, in 
either introducing our planned maintenance system or 
keeping it up to date. It requires the keen co-operation 
of engineers, foremen, and craftsmen, and this has not 
been found lacking. The 40,000 inspections carried out 
at predetermined intervals during the year involve 5500 
items of various types of equipment. 

Mr. Rolls: In reply to Mr. Thompson’s question about 
unearthed neutrals, Electricity Regulation No. 20 states: 
‘** Where a high pressure or extra high pressure supply 
is transformed for use at a lower pressure or where 
energy is transformed up to or above low pressure, 
suitable provision shall be made to guard against danger 
by reason of the lower pressure system becoming acci- 
dentally charged above its normal pressure...” The 
risk of a transformer interwinding breakdown is so small 
that the risk of damaging apparatus is negligible and 
can be accepted, but this Regulation demands that we 
must guard against danger, which is not the same as 
guarding against damage; furthermore, the Regulation 
does not specifically say how this protection must be 
given. 

If a transformer breaks down and permits the higher- 
pressure system (here 11,000 V.) to charge up the lower- 
pressure system (3300 V.), the effect within the faulty 
transformer is likely to be far less severe, and therefore 
less dangerous, than if the neutral of the lower-voltage 
system were earthed. The switchgear used on the 
3300-V. system is an 11,000-V. design, so that the risk 


of either damage or danger is avoided. The insulation of 


the cables may suffer if the fault is allowed to persist 
for a long time, but if a cable fault should ensue, it is 
hard to see how it can be dangerous. Lastly, there 
remains the possibility of a breakdown of the windings 
of the plant connected to the system. Again, although 
such a fault may be damaging, it is unlikely to be 
dangerous; it will, moreover, be cleared by the relevant 
circuit-breaker. 

It does not appear necessary to take extra precautions 
to prevent anybody touching a 3300-V. system; it is 
dangerous to do so whether the neutral is earthed or 
not, but if it is not, the consequences may not be quite 
so severe. 


Mr. J. L. Gaskell (Appleby-Frodingham Steel Co.) : 
Do the authors agree that a case can be made out for 
connecting motors of 1000 h.p. and above on the 11-kV. 
system? A fairly good practical rule is that it is economic 
to make a motor winding for a horse-power rating one- 
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tenth of the supply voltage. The higher voltage also 
gives more manageable cabling arrangements. 

On p. 168, the authors refer to the 440-V. 2-wire D.C. 
supply that was chosen in preference to 220-V. D.C. ; 
have they changed their opinion, particularly in view of 
the insistence of the Factory Inspectorate on full switch- 
board clearances in front and behind and above crane 
contactor panels? That insistence greatly increases 
the cost of cranes and, in many cases, the cost of the 
buildings as well, in view of the increased headroom 
necessary. For 220-V. D.C., Exemption 1 of the Elec- 
tricity Regulations applies. and there is a good deal to be 
said in favour of 220-V. D.C. 

On the question of the assessment of load, Fig. 2 is 
very interesting. I have used a similar method myself, 
and have found that it needs great care. Diversity, as 
the authors mention, is very difficult to allow for, 
particularly in respect of intermittent loads, such as 
cranes. These diversity factors must be estimated from 
experience, and also from experience of the functions 
of the plant that is under consideration. The sum- 
mations that are obtained in this way must be cross- 
checked by reference as far as possible to similar plants, 
because it is easy to over-estimate requirements grossly. 
Whilst it is usually agreed that it is advisable to have a 
substantial margin in a distribution system to cover 
future developments, a wrong estimate can make 
negotiations for purchased power supplies very difficult. 
When assessing generating-plant requirements, the 
results of over-estimating could also be very serious 
in terms of excess capital tied up. 

On p. 168, it is stated that the total works load has an 
overall power factor of 0°93 and that the generation is 
operated at 0-735, giving a power factor on the Area 
Board of 0:985. Why is it necessary to operate 
generators at this relatively low power factor, in view of 
the good overall power factor of 0-93? Have the Area 
Board insisted on a penalty below 0-93 ? 

In regard to the choice of high-voltage switchgear, 
discussed on p. 169, I should like to enter a plea for 
cubicle gear. With air-insulated bus-bars, this type 
of gear is particularly suitable for industrial conditions, 
where loadings may grow considerably in time, since it 
is very easy to increase the capacity of the bus-bars and 
of individual switches, and in the event of breakdowns 
repairs are easy. When there is a breakdown on metal- 
clad switchgear on the spouts, it usually has to be 
returned to the factory to have spouts set up by manu- 
facturer’s jig. Did the authors give serious consider- 
ation to the 2-tier air-break switchgear for 415 V., and 
was it their view that this was uneconomic compared 
with that which was finally chosen? In my opinion 
it 1s economic. 

De-rating is of especial importance in relation to 
general distribution fuse gear, fuse boards, fuse switches, 
etc. The authors say that they have no B.S. overload 
rating ; for general steelworks conditions a derating of 
about 25% is necessary ; 7.e., one would rate at 75°) 
of the manufacturers’ rating. 

Under the heading * Switchgear Erection Experience ’ 
on p. 169, the fact that switchgear might be ready before 
the building is mentioned. With the highly-developed 
switchgear now available, I see no reason why manu- 
facturers should delay their customers’ building designs 
by failing to produce switchgear drawings. The gear is 
so highly standardized that adequate drawings for the 
building design to proceed could be produced very 
quickly. 

Plant manufacturers should appreciate that if they 
must charge prices for plant that are 24-3 times what 
they were in 1939, the users must be helped to get plant 
into service, and must get a quick return on the capital. 
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On p. 171, the authors deal with rectifiers. Mr. Rolls 
drew attention to the inverter bulb on one of the glass- 
bulb rectifiers. Is the extra cost of that inverter unit 
really justified for the larger rectifier groups, where, even 
if the load is almost 100% traction, something is sure 
to be working at any given time to absorb any regener- 
ation? The cost of low loading resistances that come in 
automatically is very small and must be much less than 
that of an additional inverter bulb. 

At Appleby-Frodingham, generation is operated quite 
separately from the purchased supply (in 1952 our con- 
sumption was 250 million units, almost equally divided 
between our own generation and purchased supply). 
This condition arose from the original negotiations for 
the introduction of the purchased supply, and it is 
certainly advantageous from the point of view of 
reliability of supplies to essential services. I agree 
that it does not allow maximum flexibility from the 
point of view of making the best use of fluctuations in 
available gas supply. The ideal would probably be 
to operate the greater part of the generating plant inde- 
pendently, the remainder being in parallel with the 
purchased supply, if that could be negotiated, in order 
to make the maximum economic use of available fuel. 

Mr. Slater: We decided upon 440 V. for the D.C. system 
at Abbey Works because of the heavy currents and long 
distances involved, particularly in connection with crane 
conductor-rails. At this voltage, frame sizes on motors 
are more economic and the saving in copper for cabling 
is considerable. In works where the D.C. load is smaller, 
it may be possible to use 220 V., and I am in favour 
of this voltage in such cases. The choice of voltage may 
only be made when the requirements of the system are 
known. 

The overall system power factor of 0-93 is achieved 
partly by generating at about 0-735. If, owing to fuel 
conditions, there is enough steam available to increase 
the kilowatt output of the machines, this is to ‘be pre- 
ferred, with a consequent reduction in reactive kVA. 
output. Our agreement with the Area Board includes 
a maximum-demand charge based on kVA. 

From our experience the extra cost of inverter equip- 
ment for use with rectifiers is not justified, as there is 
usually enough base load to absorb regeneration. 

It is difficult to understand how supplies to essential 
services can be more reliable when obtained from a 
separate works generation system than when taken from 
a system on which the private generation is operated in 
parallel with the public supply. The difficulty to be 
overcome is to secure correct operation of the protective 
equipment installed for automatic disconnection of the 
public supply from the private generating plant in case 
of a public-supply failure. On our system the provision 
of directional overcurrent relays situated at strategic 
points has been proved to satisfy this requirement. 
Greater all-round flexibility is obtained by this method 
of operation. 

Mr. Rolls: I agree with Mr. Gaskell that there is a case 
for connecting motors over 1000 h.p. to 11,000 V. I 
know motors of about this size that have given good 
service in steelworks, but, up to about 3000 h.p., 3300-V. 
machine windings are rather more robust, and we have 
not found the cabling too unwieldy. 

The horsepower at which the changeover from 3300 
to 11,000 V. is made must always vary with circumstances, 
and, should 3300 V. not be required for other purposes, it 
may be expedient to use 11,000 V. down to 1000 h.p., 
or even a little lower. 

As a check on our assessment of the load, we used a 
basis of ‘ units per ton ’ where information was available 
from other works. At present, the works load has risen 
to about 50 MW., compared with the 59 MW. that was 
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estimated. Some loads have not materialized and there 
have been one or two that were not expected. 

Two-tier air-break switchgear for low-tension use is 
very compact and, whilst it may appear to be a satis- 
factory solution where space is very restricted, cabling 
may become a very difficult problem. In addition, this 
type of gear is more expensive than oil-break switchgear, 
particularly on the lower current ratings. 

The rectifier equipment, including the inverter bulb, 
was no more expensive than a competitive offer which 
included a loading resistance. 

Mr. J. M. Goodall (British Thomson-Houston Co., 
Ltd.) : The authors have shown how they have planned 
to distribute 50 MW. in an area of about 1 square mile, 
which is a relatively high load density. As the supply 
is taken from an outside source, there was no choice for 
the primary voltage, and 3300 V. is generally recognized 
as the most suitable voltage for motors between 100 
and 3000 h.p. The reason for the intermediate voltage 
of 11 kV. is basically economic, and is related to the 
condition that 13,000 r.m.s. ampéres is an economic 
short-current for switchgear; at this current, the 
thermal effects and electro-magnetic forces are reason- 
able and can be catered for economically. Now, 13,000 
r.m.s. ampéres corresponds to 75 MVA. at 3300 V., 
150 MVA. at 6.6 kV., and 250 MVA. at 11 kV. Witha 
total transformer capacity of 80,000 kVA. (3 at 17,000 
and 3 at 10,000), it would not be practicable to limit 
the short-circuit current to 75 MVA. at 3.3 kV., and so 
the authors wisely introduced an intermediate voltage, 
choosing 11 kV., which is appropriate to the larger 
motors and to the rectifier transformers. This has 
allowed economic breaking-capacity ratings to be used, 
and at the same time has permitted a flexible distribu- 
tion scheme, with alternative supplies to important 
circuits. 

Do the authors prefer free air circuit-breakers on the 
11-kV. and 3.3-kV. switchgear because these are cus- 
tomary 1 American steelworks, or because oil circuit- 
breakers require more maintenance ? The decision to use 
oil gear was apparently made to avoid dollar expendi- 
ture, but, in fairness to British manufacturers, there are 
a number of other factors that should be mentioned. 
One of these is that the American buyer is in the hands 
of only three manufacturers, who do not make metal- 
clad plugging switchgear with oil circuit-breakers, so 
that the buyer has no choice. Another factor is that the 
American air break gear has three times the volume, 
two and a half times the floor space, and twice the 
weight of the British oil break gear, for the same ratings. 

In the interests of economy in raw materials and the 
best use of manufacturing space, the oil breaker equip- 
ment chosen by the authors for these mills is therefore 
preferable. It is possible that American industry would 
welcome the compact and economic metal-clad switch- 
gear made in this country. About 8000 equipments are 
made in this country each year by 16 firms, and no other 
country makes a product that is comparable in size and 
reliability. 

From a maintenance point of view, for are-furnace 
transformers the air circuit-breaker is desirable, whether 
free-air or air-blast, as this is contactor duty and not 
circuit-breaker duty. For other duties, including 
direct on-line motor starting, contact maintenance is 
very light on oil circuit-breakers, which are designed and 
tested to make and hold 13,000 r.m.s. ampéres, 7.e., 
33,000 peak ampéres. 

The list of defects on the switchgear supplied presents 
a challenge to the manufacturers. The paper will be 
widely read, and the defects mentioned may create the 
impression throughout the world that British switch- 
gear is unreliable. Some of the troubles may have been 
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due to insufficient time being allowed for inspection and 
checking after the gear was erected. When the target 
date for commissioning approached, pressure was no 
doubt applied to complete the work, and, if this was a 
contributory cause, it should have been mentioned in the 
paper. 

Many of the defects are of a detailed character, but 
this will only be appreciated by switchgear specialists. 
The failure of the ring-main isolator suggests that the 
authors did not specify in their enquiry that it was to be 
capable of making the full system short-circuit. Over- 
heating of joints is avoidable with silver plating, which 
is used by the larger manufacturers, particularly on 
medium-voltage switchgear. None of the troubles 
mentioned by the authors is inherent in British designs 
of switchgear. 

Mr. Slater: None of the troubles mentioned in the 
paper was due to insufficient time being allowed before 
the switchgear was put into service. A large proportion 
of the difficulties were inherent in the design of the 
particular type of gear, and are at present being corrected 
by the manufacturers concerned. The abortive mechani- 
cal interlock, which allowed a closed oil circuit-breaker 
to be pushed on to the isolating plugs of an alternator 
with disastrous results, has been completely redesigned. 
The use of silver-plated joints in situations exposed to 
sulphurous atmospheres is questionable, owing to the 
formation of silver sulphide on the contact surfaces, 
which causes an increase in contact resistance and 
subsequent overheating. The use of isolators in steel- 
works is not to be recommended. Where they are supplied 
as an integral part of a switchboard, maintenance is not 
possible unless the complete busbar is made ‘ dead.’ 
The use of non-automatic withdrawable circuit-breakers 
ensures a much greater margin of safety for all operators 
and is to be preferred. 

Mr. Rolls: In the U.S.A. there are three switchgear 
manufacturers dealing with most of their very large 
market, but in the U.K. there are, according to Mr. 
Goodall, 16 manufacturers for a much smaller market. 
Whilst complete standardization may be undesirable, it 
should be possible to reduce the number of designs and 
concentrate on manufacture in two or three factories, so 
that we can produce good switchgear more cheaply and 
thus aid our exports. 

We may have implied in the paper that for 11-kV. 
operation we should have liked to use American gear. 
This is only partly correct; we should certainly have 
liked to use 11-kV. air-break switchgear had it been 
available. Mr. Goodall’s figures of space taken up by the 
American air-break switchgear sound rather alarming, 
but, in practice, if it were used, its accommodation might 
be cheaper. For instance, it could have been installed 
in some of the spare space in the strip-mill motor room. 
This location was unsuitable for switchgear with oil 
circuit-breakers, and money had to be spent on a 
separate sub-station building. If the gear could have 
gone in the motor room, the cabling would have been 
shorter. 

I hope that English manufacturers will develop their 
air-break switchgear for 11 kV. so that it is more compact 
than the American gear. 

The list of troubles that we had with switchgear may 
create a bad impression when people overseas read the 
paper, but it would not have been right to hide these 
troubles. Some makes of gear on the job have given 
exemplary service and others have not. 

Mr. G. H. Davidson (Lancashire Steel Corporation 
Ltd.) : If the authors were starting again, what volt- 
ages would they select, bearing in mind the increases in 
both copper prices and electricity tariffs ? I see nothing 
wrong with their A.C. voltages, but I am not clear on the 
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D.C. problem. From the paper I inferred that a D.C. 
voltage higher than 440 V. would be preferred, but Mr. 
Slater has just said that he would be happy with 220 V. 
A previous speaker has outlined the advantages of 220 V., 
but when we have to deal with large modern cranes, this 
voltage presents difficult current-collection and voltage- 
drop problems. I do not know if there is much to be 
gained by going above 440 V., although 500 V. has been 
found to be convenient on some works for D.C. auxiliaries. 

Is there any information available on the extent to 
which works output was affected during the transitional 
stages of the scheme, when great construction difficulties 
would be experienced ? 

Generating capacity seems to be rather small for the 
size of the works, presumably because coke-oven and 
blast-furnace gas was needed for thermal and straight 
steam-raising requirements. Has a reasonable fuel 
balance been achieved in practice ? 

On the question of parallel running, the emergency 
operation of the system depends on the arrangement 
whereby the works generators are arranged to feed 
essential loads only in the event of a complete failure of 
the Grid supply. Has this system been tested in practice 
and, if so, with what result ? 

The authors rightly point out that the question of 
standby feeder capacity is one of economics, or, if viewed 
from a slightly different angle, of insurance. Steelworks 
engineers usually call for 100% standby to continuous- 
operating plants (pumps, blast-furnaces, coke ovens, 
etc.), but on the rolling side it is rather different, and the 
full 100% is difficult to justify. There is sometimes an 
economic case for two feeders to give 150% capacity, 
i.e., 50% standby, so that in the event of trouble on one 
feeder, production can be maintained at 75% of full 
capacity. The additional copper is normally in use, so 
that the reduced I*R losses over a period of years will 
help to pay for the partial standby supply. 

Have the authors made any provision for emergency 
or pilot lighting in production departments ? Is general 
lighting supplied from the main 415-V. power supplies or 
from separate lighting transformers? The separate 
lighting transformer reduces the fault capacity on the 
lighting system and also obviates the use of a fourth core 
or of some of the heavy power cables. 

Is it correct to assume that the switchgear faults listed 
were mainly teething troubles, which have now been 
overcome ? Were these faults confined to a single 
voltage, or were they distributed over the different 
voltages in use? Much of the trouble on present-day 
switchgear is due simply to careless work in the manu- 
facturers’ shops, particularly slack connections on copper 
work and electrical connections generally. Do the 
authors agree that slack and/or unsuitably locked con- 
nections are the cause of some of their troubles ? 

The authors state that protection on the 415-V.system 
is confined to overcurrent only, #.e., there is no earth 
leakage. Is earth-leakage protection provided on the 
individual motor starters ? If not, the earth continuity 
must be maintained at all times at a low figure to ensure 
tripping of the feeder switches on motor earth faults, 
ete. Earth-leakage protection on vital medium-voltage 
circuits is often a nuisance and is frequently disconnected 
after a number of inadvertent shut-downs. There is 
sometimes a case on these circuits for earth-leakage 
alarm and indication only, as opposed to direct tripping. 

Mr. Slater: Despite the many and varied difficulties 
encountered during the changeover period, works out put 
was not affected. The generation output depends on the 
amount of surplus heat available after all other needs 
have been met, and the installed capacity has been 
sufficient to deal economically with the widest fluctua- 
tions that have occurred in practice. 
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The protection, which in the event of a failure of the 
Grid leaves the generators supplying vital loads, has 
functioned correctly under the conditions visualized. 
During a particularly severe thunderstorm of long dura- 
tion, direct lightning strokes were registered on the 
Area Board’s 66-kV. overhead lines supplying the works 
main sub-station. The incoming voltage was momentarily 
reduced to a very low figure, resulting in a heavy flow 
of current from the generators towards the Grid. On 
each occasion the relays operated correctly. As a climax 
the busbars at the main sub-station were also struck 
by lightning, causing the loss of all supplies, and again 
the generators were left running on their selected loads 
as planned. This incident amply demonstrated the vital 
necessity for centralized control and indication of the 
whole system. 

None of the switchgear faults listed can be described 
as teething troubles, since the equipment was a standard 
product that had been manufactured and supplied to 
various other customers over a number of years. The 
list of faults covers switchgear at three voltages: 11 kV., 
3-3 kV., and 415 V. Most troubles due to overheating 
of copper connections, especially on medium-pressure 
switchboards, are due to poor design and inferior locking 
arrangements. All multi-blade isolators of the knife type 
should be fitted with contact clamping devices. 


Mr. Rolls: If we had to do the job again, it is improb- 
able that we should select different voltages. Certainly 
we should not go to a voltage lower than 440 for the 
D.C. supplies on such a large site, but we might consider 
going up to 500 V. A reduction to 220 V. would have 
doubled the cost of the D.C. mains and increased the 
rectification losses. 

There is no provision for pilot lighting in production 
departments, but each of the main buildings is fed from 
more than one sub-station, so that if one supply failed 
a little lighting would reach the affected part and, by 
means of low-tension interconnectors, lighting supplies 
can be quickly restored in the event of a failure. 

The 415/240-V. mains are used for both power and 
lighting supplies; no separate lighting transformers are 
used. The prospective fault current on the lighting 
system has caused no embarrassment, since only very 
short lengths of cable are needed to reduce it to quite 
low values. Nevertheless, cartridge fuses have been used 
throughout as being more reliable than the wired type. 

Earth leakage is not generally provided on the 415-V. 
system. Restricted earth leakage is, however, provided 
on the low-tension windings of the 800-kVA. trans- 
formers, where an earth fault might not pass enough 
current to trip the high-voltage breaker. Great care has 
been taken to maintain the earth bonding, and we agree 
with Mr. Davidson that had earth leakage been provided, 
it would have been troublesome and might have caused 
unnecessary tripping. 


Mr. R. A. Lake (Stewarts and Lloyds, Ltd.): The 
authors’ method of phasing, in which they have zero 
displacement between one system and the next, as shown 
in Fig. 3, is, no doubt, a great aid to memory, but I am 
unable to see any other advantage. 

The distribution to the mills at 11 kV. from a sub- 
station at Cefn Gwrgan at 66 kV. has been very carefully 
carried out to give at least two separate supplies or, at 
any rate, supplies originating from two separate 66-kV. 
switchboards at each section on the 11-kV. system. 
This is done with an interconnecting system of reactors 
and switchgear requiring eleven 11-kV. switches. This 
network is complex. Since leakage reactance can be 
incorporated in transformers for only slight extra cost, 
could it not have been done more simply by using one 
or two more transformers between the 66 kV. and the 
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11 kV., and less interconnection on the 11-kV. side ? 
One argument against this is that it involves more 
66-kV. switchgear. Since the cost of 33-kV. switch- 
gear is about five times that of 11-kV. switchgear, this 
may be the reason why this scheme was not adopted. 

The schedule of distribution transformers given in 
Table I of the paper gives reactances that do not permit 
parallel operation of transformers on to the 3°3-kV. 
system. An example is provided by the two 1500-kVA. 
transformers feeding the ore transporters. Do they use 
electrical interlocking to prevent parallelling of trans- 
formers with a time-lag, so that they can change over 
without interruption, or do they just rely on obedience 
to instructions ? 

As long as the unearthed 3-3-kV. system has a potential 
transformer primary on it with an earthed star point, 
it is not really unearthed until the potential transformer 
fuse has been blown. 

The very determined efforts that have been made to 
put a little order and system into the haphazard occupa- 
tion known as maintenance are admirable. The authors’ 
record sheets are designed with that end in view, but 
are their files not full of these formidable pro formas 
with very little written on them in all their spaces ? 


Mr. Slater: Any maintenance forms that are returned 
without the information to certify that all necessary 
work has been carried out are rejected. Although in 
older works new ideas and systems are for various reasons 
not easy to introduce, this should not be used as an 
argument for failing to do so in newer works, where the 
large and expensive mechanical and electrical installa- 
tions demand the best maintenance possible. 


Mr. Rolls: The principal advantage of the phasing of 
the transformers shown in Fig. 3 is that all supplies 
reaching the works either directly from the Electricity 
Board’s 66-kV. system or indirectly via the 11,000-V. 
supplies to the collieries are all in phase and can be 
parallelled if the need arises. If the more usual delta/star 
transformation has been adopted, parallelling in safety 
would have been impossible unless many of the older 
transformers had been scrapped. 

Deliveries of the 66/11-kV. transformers with on-load 
tap-changing gear were long and threatened to delay 
production, and it was necessary to accept existing 
designs; hence it was not possible to use transformers 
with specially high reactances. 

No interlocking is provided to prevent parallelling 
transformers, which may impose excessive short-circuit 
current on the switchgear. The system is operated by 
the distribution controller, who is competent to take 
care of such matters. 


Mr. E. B. May (McLellan and Partners): If the trans- 
formers had been available with non-inflammable in- 
sulation, would this have altered the general layout of 
the distribution ? 

On p. 169, the authors make a plea for doing away with 
compound and oil in switchgear, but why did they add 
“except for cable boxes”? With pre-impregnated 
cable, in most cases, the terminations could be suitably 
taped for voltages up to 3.3 kV. 

Mr. Rolls: If satisfactory non-inflammable transformers 
had been available, it would have been possible to use 
more and smaller transformers situated in the main 
buildings, where space is often available under crane 
gantries. By this means, the output from the trans- 
formers would have been fed directly to switch fuse- 
boards, and much low-tension cabling and sub-station 
low-tension switchgear would have been avoided. 

Whilst a compound is not necessary in low-tension 
cable boxes in dry situations, the authors have had no 
experience of taped-up terminations for use on 3300 V. 


JULY, 1953 














side ? 
more 
vitch- 
, this 
ypted. 
en in 
ermit 
3-kV. 
kVA. 
y use 
rans- 
over 
ience 


ntial 
oint, 
rmer 


le to 
supa- 
hors’ 
, but 
rmas 


rned 
sary 
h in 
Sons 
s an 
» the 
alla- 


ig of 
plies 
icity 
0-V. 
1 be 
star 
fety 
Ider 


load 
elay 
ting 
ners 


ling 
cuit 

by 
ake 


ins- 
in- 
t of 


‘ith 
vdd 
ted 
bly 


ers 
use 
ain 
une 
ns- 


ion 
ion 


no 
-. 


N E W S 





ANNOUNCEMENTS AND NEWS OF SCIENCE AND INDUSTRY 

















THE IRON AND STEEL INSTITUTE 
Special Meeting in Holland 


Arrangements are being made for a special meeting of 
the Institute in Holland from Wednesday, 30th Septem- 
ber, to Tuesday, 6th October, 1953. 

Further details of the programme of lectures and 
visits will be given in later issues of the Journal. 


Autumn General Meeting, 1953 


The Autumn General Meeting of The Iron and Steel 
Institute will be held at 4 Grosvenor Gardens, London, 
S.W.1, on Wednesday and Thursday, 25th and 26th 
November, 1953. 


Change on Council 


Mr. W. B. WRAGGE has accepted an invitation to serve 
as an Honorary Member of Council during his period 
of office as President of the Manchester Metallurgical 
Society. 


Special Report on Spectrographic Analysis 


The latest addition to the series of Special Reports 
published by the Institute is a report on ‘* Spectrographic 
Analysis of Low-Alloy Steels,” prepared by the Spectro- 
graphic Analysis Sub-Committee of the British Iron and 
Steel Research Association. 

The Report surveys the spectrographic techniques 
employed in this country for the analysis of iron and 
steel, and a recommended method (based on the most 
successful of the alternative procedures examined) for 
the spectrographic analysis of low-alloy steels has been 
drawn up and given extensive trials on a series of 
chemically analysed standards, with very satisfactory 
results. The text has been divided into sections corres- 
ponding broadly to the sequence of analytical operations 
required. The applicability of alternative procedures or 
accessories has been described in several instances, and 
theoretical considerations and detailed operating instruc- 
tions have been included where necessary. 

The Report, No. 47 in the Series, is fully illustrated 
with diagrams and photographs, and is bound in cloth 
with stiff board covers. It can be obtained from the 
Offices of the Institute at 15s. per copy, post free (7s. 6d. 
to Members). 


NEWS OF MEMBERS 


> Mr. R. H. Burrows has left the British Iron and Steel 
Research Association and has taken up an appointment 
with Dewhurst and Partner, Ltd., Hounslow. 

> Mr. J. E. Coarp has left the Royal Naval Scientific 
Service to take up an appointment at the Canadian 
Armament Research and Development Establishment at 
Valcartier, Quebec. 


> Mr. R. K. FLemiInG has relinquished his position as 
Managing Director of the Igranic Electric Co., Ltd., and 
has been appointed Chairman of the Company, in 
succession to Mr. G. R. Thursfield. 

> Mr. E. M. Hott has relinquished his position as Head 
of the Radio and High Frequency Melting Laboratory 
of the Brown-Firth Research Laboratories, to take up 
the appointment of Chief Metallurgist with Messrs. 
Marshall Sons and Co., Gainsborough, Lines. 

> Mr. M. G. Huser has left George Fischer Ltd., 
Schaffhausen, and has taken up an appointment with 
the Battelle Memorial Institute (International Division,) 
Geneva, Switzerland. 

> Mr. J. P. Huco has left Sheffield University, and has 
returned to 8. Africa, where he has taken up an appoint- 
ment with the South African Iron and Steel Industrial 
Corporation. 

> Dr. G. LETENDRE, Director of the Department of 
Mining and Metallurgy of the Université Laval, Quebec, 
has been elected a Vice-President of the Canadian 
Institute of Mining and Metallurgy. 

> Sir ANDREW McCanceg, D.Sc., LL.D., F.R.S. (Past- 
President), and Mr. NEVILLE H. Roiiason (Vice-Presi- 
dent) have been appointed Part-Time Members of the 
Iron and Steel Board. 

> Mr. R. Nickitn has left Messrs. Acalor (1948), Ltd., 
to join the Board of Corrosion Proof Products, Ltd., 
London. 

> Mr. W. R. OWEN has transferred from the Head Office 
of Honeywell-Brown, Ltd., to Sheffield, where he will 
be in charge of the newly opened Sales and Service Office 
of the Company. 

> Mr. E. W. RosBerts has left the Bahrein Petroleum 
Co., Ltd., and has returned to the U.K. 

> Mr. N. L. Samways has left the Imperial College of 
Science and Technology to take up the appointment of 
Development Engineer with the Dowsett Engineering 
and Construction Company. 

> Mr. Robert SHonE, Director of the British [ron and 
Steel Federation, has been appointed a Whole-Time 
Member of the Iron and Steel Board. 

> Mr. H. W. Sowarp, Managing Director of Wellman 
Smith Owen of South Africa (Pty.) Ltd., has returned 
to England. 

> Mr. E. C. WHatTMovuGH has taken up an appointment 
with the Warrington Tube Co., Ltd. 


Coronation and Birthday Honours 


> Mr. S. W. Rawson, Director General of Machine Tools, 
Ministry of Supply, has been created a Knight Bachelor. 
> Sir FREDERICK E. REBBECK,. Chairman and Managing 
Director, Harland and Wolff, Belfast, has been awarded 
the K.B.E. 

> Dr. J. E. Hurst, President of the British Cast Iron 
Research Association, has been awarded the C.B.E. 
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> Mr. D. A. OttveR, Metals Economy Advisor, Ministry 
of Supply, has been awarded the C.B.E. 

> Mr. H. J. Curnow, Assistant Director of Aircraft 
Production (Materials), Ministry of Supply, has been 
awarded the O.B.E. 


Obituary 


Dr. F. M. Watters, Jr., of the University of California, 
on 18th April, 1953. 


CONTRIBUTOR TO THE JOURNAL 


G. B. Harris, M.A., who died on 8th March, 1953, as 
the result of a road accident, was a B.I.8S.R.A. Bursar 
at Oxford University. 

He was educated at Redruth County School, and at 
St. Catherine’s College, University of Cambridge. In 
1946 he was appointed an Experimental Officer in the 
Metallurgy Division of the National Physical Laboratory, 
and within a year was appointed to the Scientific Officer 
Grade. He worked almost exclusively on the metallo- 
graphy of uranium alloys, and made valuable observa- 
tions on dimensional changes in relation to orientation 
textures in uranium. He also worked on preferred 
orientation in uranium, and published a paper on this 
subject. In 1950 he obtained a B.I.S.R.A. Bursary for 
work at Oxford on the freezing and melting points of 
iron alloys. 

Mr. Harris’ work on the thermal analysis of iron 
alloys is probably the most accurate that has yet been 
carried out, and his death means the loss of one of the 
most promising of the younger generation of metal- 
physicists. 


IRON AND STEEL ENGINEERS GROUP 


The Twenty-Third Meeting of the Iron and Steel 
Engineers Group will be held in London on Wednesday, 
28th October, 1958. The subject for discussion will be 
* Roll Design.” Further details of the papers to be 
presented, and the programme, will be given in later 
issues of the Journal. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Fortieth Steelmaking Conference 

A successful Steelmaking Conference was held at 
Ashorne Hill on 6th and 7th May, 1953. The Chair was 
occupied by Dr. T. P. Colclough, C.B.E., Chairman of 
the Steelmaking Divisional Panel; Mr. R. W. Evans, 
Chairman of the Steel Practice Committee, and Dr. L. 
Reeve, Chairman of the Rolling Ingots Sub-Committee 
acted as vice-chairman during the first and second day 
respectively. 

On the first day Mr. R. Mayorcas described the flame- 
radiation research carried out during the last four years 
at Ijmuiden, Holland, and went on to indicate how the 
results of this work might be applied to improve the 
fuel efficiency of open-hearth furnace operation. This 
research, which was undertaken largely at the instigation 
of Mr. Thring, Head of the Physics Department, was 
carried out by an international team of physicists. The 
detailed presentation of the results and of their possible 
significance to open-hearth furnace operation was par- 
ticularly appreciated by the practical steelmakers. 
During the discussion it was shown that a few flame- 
radiation trials on production furnaces would make 
possible important practical applications of the work. 

On the following day an interim report on the investi- 
gaticns on kalanced steel manufacture, which have been 
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carried out by the Rolling Ingots Sub-Committee since 
its formation two years ago, was presented jointly by 
Mr. Glaisher of the B.I.8S.R.A. Laboratories, Sheffield, 
Mr. N. H. Bacon of Steel, Peech and Tozer, and Mr. 8. 
Morris of the Cargo Fleet Iron Co., Ltd. This preliminary 
report of the Sub-Committee has indicated that results 
of practical value can be expected from the work now 
in progress. The vigorous discussion showed that there 
were still many important factors in balanced steel 
manufacture that had not been dealt with by the Sub- 
Committee, and many useful suggestions on future 
research were made. 


Sixth Junior Blast-Furnace Conference 


The Sixth Junior Blast-Furnace Conference was held 
at Ashorne Hill, on Thursday and Friday, 21st and 
22nd May, 1953. An attendance of 66 was registered. 
The Chair was taken by Mr. R. A. Hacking, O.B.E. 
(Richard Thomas and Baldwins, Ltd.). 

At the first Session Mr. J. C. A. Cowan (Colvilles Ltd.) 
presented a paper on Blast-Furnace Blowers, and 
described the basic principles of operation of the centri- 
fugal or radial blower, with and without vane diffusers. 
Comparisons were made between the efficiencies of the 
two types of machine, and the effect of incorporating 
variable vane diffusers to increase the pumping limit 
was illustrated. The design and characteristics of axial- 
flow blowers were also discussed. 

Fifteen questions submitted by Conference Members 
concerning the practice and processes of blast-furnace 
operation were answered by a “ Brains Trust ’’ Team of 
Senior Operators. The Question Master was Dr. T. P. 
Colclough, C.B.E. 

The Conference was subsequently divided into four 
discussion groups to consider the wastage of iron due 
to roughing slag, the importance of correct burden 
distribution, factors limiting iron production in a blast- 
furnace, and the use of an alternative method to back 
draughting. 

The Discussion Group reported back to the full 
Conference in the final Session. 


NEWS OF SCIENCE AND INDUSTRY 
Fundamentals of Physical Metallurgy 


A special summer programme in the Fundamentals of 
Physical Metallurgy was held at the Massachusetts 
Institute of Technology from 16th to 26th June, 1953. 
Among guest lecturers were Professor P. A. Beck of the 
University of Illinois, on recrystallization and grain 
growth; Professor R. Maddin of the Johns Hopkins 
University, on plastic deformation ; and Professor R. F. 
Mehl of the Carnegie Institution of Technology, on 
diffusion. 


Symposium on Wire Drawing 


The Physical Metallurgy Division of the Melbourne 
Branch of the Australian Institute of Metals will hold a 
Symposium on the Theory and Practice of Wire Drawing 
in Melbourne on 13th November, 1953. Seven papers 
have been contributed by Australian and English 
authors; they will be pre-printed in booklet form and 
will be available to those interested in contributing to 
the discussion. 

The list of papers to be presented is as follows: ‘‘ Core 
Wire for the Production of Extruded Metal-Are Welding 
Electrodes,”” by W. I. Pumphrey; “Some Researches on 
Wire-Drawing,” by F. C. Thompson; “ Researches Con- 
cerning Wire-Drawing Dies,” by J. G. Wistreich; ** The 
Problem of Rod Diameter,” by C. Blazey and V. W. 
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Benjamin; ‘ Temperature-Lubrication Relations for the 
Surface of Copper during Wire- Drawing,” by J. S. Hog- 
gart; © Australian Developments in Drawn, Galvanized, 
Rope Wires,” by F. W. Welshman and C. James; and 
‘The Effect of the Surface Temperature Attained during 
Drawing on the Tensile Strength of Copper Wire,” by 


8S. Z. M. Kopezynski and J. S. Hoggart. Pre-prints of 


these papers may be ordered from the Honorary Secre- 
tary, R. C. Gifkins, Esq., Baillieu Laboratory, University 
of Melbourne, Carlton N.3, Victoria, Australia. 

The provisional price is 15s. sterling (airmail) or 12s. 
(surface mail). The discussion, which is to be printed 
subsequently, will also be available in 1954 at a probable 
cost of an extra 2s. Cheques or money orders should be 
made payable to “The Australian Institute of Metals.” 


Engineering, Marine and Welding Exhibition 

The President, Mr. James Mitchell, C.B.E., has agreed 
to become a Patron of this exhibition, which is to be 
held at Olympia from 38rd to 17th September, 1953. 


The Institution of Chemical Engineers 

The George E. Davis Memorial Lecture will be given 
by Norman Swindin, M.I.Chem.E., in the Reynolds Hall 
of the Manchester College of Technology on Saturday, 
10th October, 1953. 

The Lecture is being organized by the North Western 
Branch of the Institution. 


Fellowships to Harvard School of Business Admin- 
istration 


In conjunction with the British Institute of Manage- 
ment, the Harvard School of Business Administration 
is to award a further two Fellowships at the Business 
School for 1953-54 to young executives in British indus- 
try, with the object of contributing to Anglo-American 
understanding, co-operation, and industrial develop- 
ment. 


Standard Refractory Tubes in Recrystallized Alumina, 
Mullite and Aluminous Percelaiu 

The manufacturers of special refractories, with the 
assistance of the Sintered Oxides Sub-Committee of the 
Inter-Service Metallurgical Research Council (Ministry 
of Supply and Admiralty), have added to the list of tubes 
of standard dimensions published in 1950. The revised 
standard sizes are listed in five tables, together with an 
explanation of the system of tolerances, and additional 
matter that may facilitate co-operation between the 
manufacturer and the consumer. The information is 
given in Paper C. 2237, issued by the Research Council. 


Research at the National Physical Laboratory 


‘National Physical Laboratory Report for the Year 


1952 ” is published by H.M.S.O. for the Department of 


Scientific and Industrial Research, price 2s. 6d. (by 


post 2s. 8d.). 


Chemical Apparatus and Equipment 


An information centre for the chemical apparatus and 
equipment industry is to be opened in July in the Frank- 
furt am Main offices of Dechema, the Institute for 
Chemical Apparatus and Chemistry. 


Comparator for Mild Steel Metal-Are Electrodes 


The British Welding Research Association has recently 
published a comparator for mild steel metal-are elec- 
trodes (price 5s.), which enables welders and designers 
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to obtain the basic characteristics of electrodes, as 
specified by the makers, in accordance with British 
Standard 1719 : 1951. 
Heavy Steel Castings 

The English Steel Corporation, Ltd., Sheffield, have 


received orders for a number of large#steel castings 
required for plant to be built in the U.S.A. for the 


American Defence Programme. These steel castings 
will be of greater size and weight than any previously 
produced in Great Britain. The heaviest required 


approximately 210 tons of liquid steel each for thei 
production, and will weigh, when despatched fr 
Sheffield, about 170 tons. Production of these lai 
castings called for split-second timing of three open- 


hearth and several electric furnace casts. 


Industrial Publications Received 


> The Incandescent Heat Co., Ltd., Birmingham, ha 
issued two bulletins: V24 describing their automatic gas 
machine, and V25 describing the technique and appli 
tions of gas carburizing. 

> Bailey Meters and Controls Ltd., Croydon, have pre- 
pared a catalogue 1023, which gives details of air- 
operated combustion controls for oil- and gas-fired 
boilers. 

> Evaporation plant is described in leaflet No. 292 issued 
by the Kestner Evaporator and Engineering Co., Ltd., 
London. 

> A new design of ultrasonic flaw detection (type MR1) 
has been described by Solus-Schall Ltd., London. 


DIARY 
26th-3lst July—Bririsu Socrery or RueEoLoGy (in 


conjunction with Joint Commission on Rheology of 
the International Council of Scientific Unions 
2nd International Congress on Rheology 
Hilda’s College, Oxford. 

29th July-7th Aug.—INTERNATIONAL UNION or PURE 
AND APPLIED CHEMISTRY—13th International Con- 
gress of Pure and Applied Chemistry—17th Con- 
ference of the Union—Stockholm and Uppsala, 


Sweden. 


TRANSLATION SERVICE 


(The previous announcement was made in the June, 
1953, issue of the Journal, p. 162). 
TRANSLATIONS AVAILABLE 
No. 468 (German). K. GUTHMANN, P. E. FUNCKE, W. 
HUNSINGER, C. KREUTZER, W. KELLER, O 
STEBEL, and W. WISLICENUs: ** Roof Tempera- 
ture Measurement in Open-Hearth and Arc 
Furnaces with Photo-Electric Pyrometers.”’ 
(Stahl und Eisen, 1952, vol. 72, Nov. 6, pp. 
1418-1425). 
No. 470 (German). E. SENFTER: *‘ The Treatment of 
Pig Tron and Steel with Slags as a Means of 
Improv ing the Steel.” (Archiv fiir das Eisen- 
hiittenwesen, 1953, vol. 24, Jan./Feb., pp. 1-10). 
CHARGES FOR COPIES OF TRANSLATIONS.—The charge 
for translations is £1 for the first copy and 10s. for each 
additional copy of the same translation. Requests should 
be accompanied by a remittance. These translations 
are not available on loan from the Joint Library. 
TRANSLATIONS PREPARED AT MEMBERS’ REQUESTS. 
Members requiring translations of foreign papers are 
invited to communicate with the Secretary, who will 
ascertain whether they can be prepared for inclusion in 
the Series. 
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MINERAL RESOURCES 


Symposium on the Iron Resources of the World. (19th 
International Geological Congress, Algiers, 1952, vols. I, II 
and III). The countries of Africa, America, and Asia are 
covered in volume one, and Europe in volume two. Volume 
three comprises all the maps.—R. A. R. 

Bethlehem’s Marmora Mine. H.R. Rice. (Canad. Min. 
J., 1952, 78, Nov., 69-72). A descriptive account is given of 
a new Canadian iron ore deposit of about 20,000,000 tons 
originally indicated by aeromagnetic survey. The limestone 
overburden will have been removed by 1954. The ore (30% 
Fe) will be concentrated to 65° Fe and shipped to the 
Bethlehem Steel Co., N.Y.—?. E. D. 

Prospecting in Quebec-Labrador Iron Fields. J. M. Harri- 
son. (Canad. Min. J., 1952, 78, Oct., 78-82). The geological 
structure of iron ore and associated deposits in north-east 
Canada, especially the ‘ Labrador Trough’ are described. 
Certain guides for prospecting are given.—T. E. D. 

Torbay Map-Area Newfoundland. E.R. Rose. (Geological 
Survey of Canada, Memoire, 265, 1952). This is a report on 
the geology of an area of 500 square miles at the north-eastern 
tip of the Avalon Peninsula. All the Wabana iron ore in the 
land area has been mined out, but extensive submarine mining 
is now in progress.—R. A. R. 

Expansion of the American Steel Industry and Enlargement 
of Its Ore Basis. W. Lauersen. (Z. V.d.J., 1953, 95, Jan. 11, 
50-54). Expansion plans of the U.S. steel industry are 
described. Iron ore resources of Chile, Venezuela, Liberia, 
and Canada, and their exploitation are discussed. Efforts to 
recover manganese from slag are noted.—J. G. w. 

Diffusion Reactions Between Pyrite and Hematite in Fine- 
Grained Sandstone. I. T. Rosenqvist. (Norsk Geologisk 
Tidsskrift, 1952, 30, 5-12). [In Norwegian]. 

Tungsten in Southern Norway. O. J. Adamson and H. 
Neumann. (Norsk Geologisk Tidsskrift, 1952, 30, 135-137). 
{In English]. Recent work has proved a wide-spread tungsten 
mineralization in Southern Norway.—k. A. R. 

The Chromite Resources of Basoren, Central Anatolia. W. J. 
Schmidt. (Berg- u. Huttenmiinn Monatsh., 1953, 98, Mar., 
53-56). 

Exploitation of Rif Iron Ore. J. A. Gutierrez de la Paz. 
(Bol. Min. Indust., 1952, 31, Apr., 149-161). [In Spanish]. 
Geographical data on the Spanish Riff country are given and 
the causes of the location of industry in that region are dis- 
cussed. The geology and nature of the Uixan ore containing 
67-8% Fe, 0-119 8, and 0-02% P are described. Useful 


information about the commercial and economic aspects of 
these ores is presented.—R. s. 

Manganese. J. Bertin-Roulleau. (Mét. Constr. Mécan., 
1952, 84, July, 527-529). This is a brief survey of manganese 
deposits in the U.S.S.R., central and eastern Europe, U.S.A., 
Africa, Morocco, and the Sahara region.—R. s. 


ORES—MINING AND TREATMENT 


The Beneficiation of Lorraine Iron Ores. M. L. Coche. 
(Rev. Ind. Min., 1952, 38, Sept., 685-693). Four typical ores, 
siliceous, limey, chloritic, and non-chloritic, have received 
detailed study. A shorter examination has been made, 
using only methods in current use, on all layers in 30 principal 
ore basins. It is concluded that beneficiation of Lorraine ores 
would be uneconomic at present but that research on improv- 
ing the techniques should continue.—a. G. 

Reserve Mining Co. Starts Taconite Plant at Babbitt. (Ang. 
Min. J., 1952, 158, Nov., 72-79). Details are given of the 
plant at Babbitt, Minn., which is now complete from the 
first crushing stage to final pelletizing ; its annual pe ity is 
300,000 tons/year of product. Crude taconite (<25 , Fe) 
will be converted to pellets of > 60°, Fe, with me tena con- 
sistency. The plant is intended to be the ‘pilot’ for the 
ultimate 10-million ton project near Beaver Bay.—x. £. J. 

Magnetic Roasting of Lean Ores. F.D. DeVaney. (Min. 
Eng., 1952, 4, Dec., 1219-1223). Details are given of a new 
process for economic magnetic concentration of lean iron ores 
developed by Pickands Mather & Co., and Erie Mining Co. 
It depends basically on a two-stage roasting process, in which 
Fe,0, is deliberately produced in a weakly reducing atmos- 
phere (approx. 5° CO and 15°, , CO,) at 1500-1600° F. High 
heat economy is secured by recuperation. After roasting, 
magnetic concentration of the ore srg to —150 mesh gave 
an overall iron recovery of 90°,.—k. E. 

How Induced Radioactivity May Help Separate Minerals. 
A. M. Gaudin, F. E. Senftle, and W. L. Freyberger. (Eng. 
Min. J., 1952, 158, Nov., 95-99, 174-176). Accounts are 
given of the fundamental principles, and tests on a wide range 
of minerals, designed to assist processes of separation based 
on differing activity induced by neutron irradiation. In 
general, activities are higher and spread over a greater range 
than expected, due to impurities. Separations are possible in 
specific cases, though further development work is necessary, 
particularly on the neutron source.—k. E. J. 

Radioactivity in Mineral Dressing. A. M. Gaudin. (Bull. 
Inst. Min. Met., 1952, 62, Part 2, Nov., 30-40). The author 
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divides the uses of radioactivity in mineral dressing into three 
sections : Research, control, and as a mineral separating tool. 
On the first use he mentions self-diffusion studies in minerals, 
adsorption of flotation collectors by the minerals, and the 
actions of such reagents as flotation activators and depres- 
sants. The second group includes the use in settlers, thick- 
eners, filters, and dilution of pulp estimates. Finally, radio- 
activity as a separating tool may lead to use of sorting in two- 
or three-dimensional forces acting upon the particles.—J. C. B. 

New Devices, New Flowsheets Liven Iron Ore Processing. 
L. J. Bechaiid, jun. (Eng. Min. J., 1953, 154, Feb., 124-127). 
Developments in American ore processing during 1952 included 
construction plans for full-scale taconite treatment, work on 
magnetic and spiral-flotation methods, rubber-coated screens, 
high-speed rod mills, new heavy-media separation and heavy- 
density cyclone plants, use of Humphreys spirals, hydro- 
scillator classifiers, and a sinter plant 6 ft. 6 in. wide utilising 
the last 35 ft. for cooling.—x. E. J. 

Testing of Prospective Iron Ores. H. U. Ross. (Canad. 
Min. J., 1952, 738, Dec., 47-51). The general features of 
blast-furnace practice are outlined. Methods of beneficiation 
which include crushing and screening, washing, jigging, heavy 
media sink-and-float method, magnetic concentration and 
magnetic roasting, and drying and calcining are briefly 
described. Tests for determining whether an iron-bearing 
material can be classed as an ore are the wash test, heavy 
liquid test, heavy media tests, Humphrey a tests and, 
magnetic concentration and roasting tests.—t. E. D. 

Humboldt Iron Will Be Recovered by Flotation. Dis. 
Campbell and L. J. Erck. (Eng. Min. J., 1953, 154, Feb., 
129-131). Details are given of the processes planned for 
Humboldt mine, to be operated by Cleveland-Cliffs Mining Co. 
at Ishpeming, Mich. The non-magnetic jasper iron forma- 
tion will be mined in an open pit, and the material beneficiated 
by froth flotation for use as a sinter plant feed. Initial 
capacity is 200,000 tons of concentrate per year, with provi- 
sion for expansion.—k. E. J. 

Flotation of Iron and Manganese Ores. G. I. Yudenich and 
Z. S. Bogdanova. (Gurnyi Zhurnal, 1952, No. 10, 29-33). 
{In Russian]. Russian work on flotation of iron and man- 
ganese ores is briefly surveyed and the work of the authors on 
the flotation of tailings from magnetic separation of iron ore 
is described.—v. G. 

Raw Materials for Steel Making. J. E. Henshelwood. 
(Proc. Australasian Inst. Min. Met., 1951, Sept.—Dec., 293- 
325). The author describes the preparation and supply of 
iron ore, limestone, and quartz to the blast-furnaces and steel 
furnaces of Newcastle and Port Kembla. The chief source of 
iron ore is Iron Knob and the Middleback Range in South 
Australia. An account of the quarrying, crushing, and trans- 
port equipment is given for the Iron Monarch ore. Limestone 
is quarried at Rapid Bay. Quartz is obtained from the 
Whyalla-Iron Knob district, and is used in the manufacture 
of ferrosilicon at the Newcastle steel works.—J. C. I 

Obtaining Uniform Properties of Ores and Concentrates in 
the Magnitogorsk Combine. M. P. Marinenko and I. 8. 
Shitov. (Gornyi Zhurnal, 1952, No. 1, 29-39). [In Russian]. 

Economy in Beneficiating Oxidized Iron Quartzites. V.% 
Pisarev. (Gornyi Zhurnal, 1952, No. 4, 31-33). [In Rus- 
sian]. The beneficiation of iron ore (Fe 37-39%), high in 
silica (up to 42°,), by the following methods is discussed. (1) 
Combined gravitation and electromagnetic separation ; (2) 
magnetizing roasting, and (3) flotation and electromagnetic 
separation.—v. G. 

Mechanical Ore Sampling. E. Piper and H. Hagedorn. 
(Arch. Eisenhtittenwesen, 1952, 28, Nov.—Dec., 427-431). 
Mechanical sampling of lumpy material offers marked advan- 
tages as compared with hand operation. The design and 
dimensions of automatic samplers are discussed.—J. P. 

On the Problem of the Rationalization of the Treatment of 
Samples. KX. L. Pozharitskii. (Zavodskaya Laboratoriya, 
1950, No. 4, 483-487). [In Russian]. Sampling methods are 
discussed with special reference to ores.—s. K. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Use and Abuse of Fuels. W.E.P. Johnson. (J. Roy. Soc. 
Arts, 1953, 101, Mar. 6, 236-258). A general survey is 
presented on the more efficient use of fuel with a minimum of 
capital expenditure, the subject being treated on a national 
basis.—T. E. D. 


JULY, 1953 


Control of Combustion in a Melting Furnace Heated With 
Heavy Fuel Oil. (Fonderie, 1952, Oct., 3146-3148). Three 
methods are suggested to control combustion : Visual exam- 
ination of the flame ; metering the oil flow ; and gas analysis. 

Moisture in Coal: Part I. P. Mukherjee, N. G. Basak, and 
A. Lahiri. (J. Sci. Indust. Res., 1953, 12B, Jan., 15-24). 
Having examined the coal-water system, using both air and 
nitrogen as water carriers, the authors suggest that the 
‘Maximum Adsorbed Inherent Moisture Content’ (‘MAM ’ 
value) should be determined under carefully controlled con- 
ditions, particularly stressing that increased activation is 
often caused by rise in temperature.—s. 0. L. 

The Development of the ‘‘ Simcar ” Dense Medium Washer: 
with Reference to the Pilot Coal Washing Plant at Cheadle 
Heath. R. Symington and J. Hamilton. (Yearbook Col« 
Oven Man. Assoc., 1952, 38, 328-349). A pilot plant capable 
of treating 20 tons/hr. of raw coal is discussed in detail, and 
a flow diagram is included. The simplified design aims at 
reducing capital and operating costs. The electromagneti: 
medium recovery system is also described. Full results of 
washing tests are given.—T. E. D. 

Quality Control Principles in Coal Preparation. J. Visman. 
(Trans. Canad. Min. Met., 1952, 55, 416-421 : Canad. Min. 
Met. Bull., 1952, 45, Dec., 722-727). The general principles 
underlying quality control in aa preparation plants are 
considered. The general solution isa combination of blending, 
accurate sampling, quick ash determination, and statistical 
analysis of the pattern of ash distribution. The importance 
of statistical methods of analysis in the interpretation of 
observed data, is emphasized.—t. E. D. 

Two Belgian Coking Plants. (Coke Gas, 1952, 14, Dec.., 
417-424 ; 1953, 15, Jan., 5-10). A description is given of 
two plants recently erected by The Coppée Company, one at 
Seraing for Soc. Anon. John Cockerill and the other at 
Flémalle. for Soc. Anon. Métallurgique d’Esperance-Longdoz. 
At each of the two plants, the coke ovens are identical in 
type, being Coppée compound ovens heated alternatively by 
blast-furnace gas or coke-oven gas. A brief outline is also 
included of the by-product plant installed at Flémalle. 

Fluidized Coal Beds. A. K. das Gupta, K. Y. Shrikhande, 
and A. Lahiri. (J. Sci. Indust. Res., 1952, 11B Dec., 528 
533). The fluidization behaviour of coal of different sieve- 
size ranges between — 30 and 2 British Standard mesh has 
been studied. The expanded bed and incipient fluidization 
region are correlated with Leva’s formula. In the full 
fluidization range, Leva has extended this correlation by 
introducing empirical constants. In this investigation, a 
modified * viscosity ’ has been used to interpret the behaviour 
of the fluidized beds, and analogies are drawn between the 
rheological behaviour of fluidized ag ge and suspensions. 

Fluidization and Its Applications. R. J. Sarjant. ( Year- 
book Coke Oven Man. Assoc., 1952, 38, as 327). Potential 
applications of the fluidized bed are discussed, and gasifica- 
tion, calcination, and ore sintering are mentioned. Theoreti- 
cal aspects of fluidization are reviewed and heat transfer 
considerations are discussed. (29 references).—T. E. D. 

Some Considerations Concerning the Present and Future 
Trends in the Coking Industry. H. D. Greenwood. (Year- 
book Coke Oven Man. Assoc., 1952, 88, 197-215). Details of 
the distribution of coke produc tion in the United Kingdom, 
together with gas and by-product production in various areas 
in recent years, are given. Trends in plant design and the 
relationship between coal, coke, and gas prices are discussed. 

The Production of Metallurgical Coke in a Modern Coke 
Oven. E. W. Wright. (Yearbook Coke Oven Man. Assoc., 
1952, 33, 145-160). Coking practice in modern coke ovens 
in Great Britain is surveyed. Coke quality, rate of produc- 
tion, satisfactory life of a battery, and plant maintenance art 
considered.—t. E. D. 

Cooling Water on Coking Plants. IF. S. Townend and R. O 
Richards. (Yearbook Coke Oven Man. Assoc., 1952, 38, 265 
297). Costs of water for cooling are reviewed, and seasonal 
temperature variations of river and cooling tower water are 
shown graphically. Designs of cooling towers are surveyed, 
and performance graphs are shown.—t. E. D. 

A Study of the Heat Losses from a Coke Oven Battery: with 
Special Reference to Radiation and Convection Losses. D. 
Jenkins. (Yearbook Coke Oven Man. Assoc., 1952, 38, 18 
196). A heat balance of a modern 76 coke-oven battery is 
prepared and the various items are fully discussed. The 
radiation and other losses were determined by difference, but 
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detailed surface temperature measurements and areas are 
listed and the differences between operating in still air and a 
10 m.p.h. wind are calculated. The effects of insulation are 
considered.—tT. E. D. 

The Future of Coal Tar. D. McNeil. (Yearbook Coke Oven 
Man. Assoc., 1952, 38, 298-312). The importance of coal tar 
as a raw material for motor fuels, road-making materials 
and organic chemicals is shown by the fact that 27-2% of 
the gas industry’s gross revenue is from by-product sales. 
Methods of separation of various products are outlined. 

The Improvement of Effluent Liquors: with Special Refer- 
ence to the Dephenolation Plant at Bolsover. H. F. Bondy 
and J. J. Priestley. (Yearbook Coke Oven Man. Assoc., 1952, 
338, 216-235). The control of the composition of effluents to 
avoid contravening regulations is discussed. Research and 
pilot plant work on the composition of liquors encountered 
and on the choice of solvents is outlined. The flow diagram of 
a typical extraction plant is given. Operation of the plant is 
described and costs are included.—t. E£. D. 

Using Sulphur in Coke Oven Gas. (Coke Gas, 1952, 14, 
Dec., 32-33). An outline is given of the Bagley—Schiitt 
intensive process for the production of sulphuric acid from 
hydrogen sulphide. <A flow diagram of the plant is included. 

Technical and Economic Aspects of Liquid Purification. 
J.J. Priestley. (Yearbook Coke Oven Man. Assoc., 1952, 88, 
161-183). H 25 removal from coal gas is discussed in the light 
of the demands of the sulphuric acid industry. The ‘ Man- 
chester ’ process of sulphur recovery is compared with other 
methods. Plant details are given and operating costs are 
reviewed.—T. E. D. 

Some Recent Advances in Benzole Refining. G. A. Dum- 
mett. (Yearbook Coke Oven Man. Assoc., 1952, 38, 236-264). 
Some new ideas and speculation in connection with heat 
economy and conservation of valuable materials are discussed. 
A comparison is made between batch and continuous plants 
with the aid of flow diagrams. Washing losses are related to 
the purity of the fraction, and some results are quoted. An 
analytical method for the determination of SO, freed or 
developed on distillation of washed benzole, is given.—t. E. D. 

Gas Purification Using Bag Filters and Cyclones. W. Sauer- 
mann. (Z. Erz. u. Met., 1952, 5, May, 185-191). The essen- 
tial characteristics and properties of tube filters, cyclones, 
and dust centrifuges are described. Various types of bag 
filters such as sucking and multiple filters are illustrated. 
Consideration of the principle of cyclones leads to a descrip- 
tion of the purification of gases by 2- and 3-dimensional 
cyclones, and cyclone purifiers with various arrangements of 
the vanes.—R. J. W. 

Venturi Washers for the Cleaning of Gases. R. M. G. 
Boucher and M. L. Franck. (Indust. Chem., 1953, 29, Feb., 
51-55). The principles underlying the agglomeration of fine 
particles are discussed. The available types of venturi 
washers are described and some performance data are given. 
Industrial applications are considered.—t. E. D. 

The Two-Stage ‘ Stein-Motala ’ Gas Producer. (Meét. Constr. 
Mécan., 1952, 84, Nov., 861-863). The characteristics, 
operations, advantages and uses of the two-stage gas producer 
are described.—k. s. 

‘Inert ’ Purging of a Waterless Gas Holder. T. A. Hanson. 
(Yearbook Coke Oven Man. Assoc., 1952, 88, 350-356). Pre- 
parations and purging procedure using a Harrison purging 
machine on a Klonne 750,000-cu. ft. gas holder are described. 


TEMPERATURE MEASUREMENT AND CONTROL 


Measuring the Temperature of Liquid Steel. P. Devilder. 
(Meét. Constr. Mécan., 1952, 84, June, 447-452 ; July, 505-506) 
Optical and immersion pyrometry, metering and recording 
instruments, including electronic and magnetic amplifiers, are 
reviewed.—R. S. 

Liquid Steel Temperature Measurement. (Mét. Constr. 
Mécan., 1952, 84, Nov., 872-873). This is a brief note on 
the mobile immersion thermocouple used in open-hearth 
furnaces.—R. S. 

Surface Temperatures: New Pyrometer for Measuring on 
Stationary and Moving Surfaces. R. B. Sims and J. A. Place. 
(Iron Steel, 1952, 25, Dec. 12, 553-558). The authors describe 
a reflecting pyrometer capable of measuring accurately the 
true surface temperature of a moving surface over short 
periods of time. It consists essentially of a polished hemis- 
phere clamped against a glass plate, with an aperture in the 
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zenith above which is a second filter and a vacuum photocell. 
The theoretical basis of the pyrometer is discussed in an 
G. F. 

Programme Control. W.C. Longstreth. (Indust. Heating, 
1952, 19, Oct., 1825-1832, 1858; Dec., 2264-2268, 2280). 
Temperature recording and furnace control instruments are 
described and discussed, together with the factors wpon which 
the choice of a system depends. The various applications 
of strip chart recording controllers with motor-driven set point 
indices are also dealt with ; these instruments offer a wide 
degree of flexibility which is not available in any other type 
of programme control instrument.—Bs. G. B. 

Temperature Control Equipment for a Blast Furnace and 
the Interpretation of the Results Obtained. H. B. Wetterau. 
(Inst. Hierro Acero, 1952, 5, Nov., 1058-1071). [In Spanish]. 
The importance of correctly reading and interpreting records 
and diagrams is emphasized. Analysis, quantitative and 
pressure determinations of the top gas are discussed in the 
light of the data obtained. Other necessary recordings are 
temperature, quantity and pressure of the blast, and height 
of the stockline. A list of control and recording instruments 
suitable for a blast furnace is given.—R. Ss. 

Thermocouple Maintenance Considerations. D. J. Pearse. 
(Indust. Heating, 1952, 19, Oct., 1834-1840 ; Nov., 2062-2068). 
The construction of the  platinum/platinum-rhodium, 
chromel-alumel, iron-constantan and copper-constantan 
types of thermocouple are described. Protective tubes of 
metal or fused silica, for the hot junction, afford mechanical 
protection and limit oxidation and corrosion. Calibration 
methods and checking procedures are discussed.—B. G. B. 

Technique of Physiochemical Research at High Tempera- 
tures. J. O’M. Bockris. (Tidsskr. Kjemi, Bergvesen Met., 
1952, 12, Oct., 127-132). [In English]. A critical review of 
the scope and limitations of techniques found suitable for work 
at temperatures ranging from 1000° to 2000° C. deals with 
practical aspects of molybdenum furnace windings, accuracy 
of thermocouples and methods for avoiding errors. The main 
section deals with optical pyrometry at 1600° C. and above, 
refractories, and the use of molybdenum crucibles.—c. G. kK. 

A Versati:. “quipment for Thermocouple Switching Using a 
Post Office tye Uniselector. H. Burton and 8. F. Suffolk. 
(J. Sci. Instruments, 1952, 29, Nov., 350-352). Details are 
given of a switching unit to connect up to 50 thermocouples 
in succession to either an indicator or a recorder.—R. A. R. 


REFRACTORY MATERIALS 
The Importance of the Montmorilonite Group of Clays in 





Modern Technology. Y. Stourdzé Visconti. (Boletim do 
INT, 1951, 2, May, 19-24). [In Portuguese]. 
Delanium Carbon and Graphite. A. W. Morrison. (Re- 


search, 1953, 6, Jan., 29-35). After a brief historical review 
of the extraction and production of carbon, the Delanium 
process is described. Properties, uses and future possibilities 
of carbon and graphite are dealt with. The process consists 
of carbonization of suitable coal under controlled high internal 
gas pressure conditions, using various chemicals to modify 
volatile evolution and increase permeability ; graphitization 
is effected in an electric furnace. (13 referenc -: —K.E. J. 

Formed Carbon and Graphite in Industry. L. C. Werking. 
(Bull. Amer. Ceram. Soc., 1953, 32, Feb., 40-44) Formed 
carbon provides an infusible, low coefficient of expansion, 
thermally stable, construction material, electrically conduc- 
tive, in general chemically inert, except in oxidizing and car- 
bide-forming conditions. In its graphitic state it has a higher 
thermal conductivity than steel. Some uses of carbon and 
graphite products normally produced in the United States are 
mentioned, including blast-furnace linings.—®. c. s. 

Some Aspects of Silica Brick Manufacture at the Landore 
Works of Richard Thomas and Baldwins Limited. D. Jones. 
(Refract. J., 1953, 29, Jan., 10-18). A complete change in 
the production methods has been affected since April, 1950. 
A dry grinding plant is now used and moulding is done by 
mechanical presses and hand operated pneumatic rammers. 

A Review of the Problem of Correlating Laboratory Tests on 
Basic Bricks with Works Performance. J. Mackenzie. 
(West of Scotland Iron Steel Inst., Conference on All-Basic Open- 
Hearth Furnaces, June 13, 1952, 262-280). It is stated that 
some of the reasons for difficulty in correlation are : (1) The 
operator does not know precisely what is required in his 
brick ; (2) operating conditions are very seldom reproducible ; 
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(3) limitations of the test methods themselves ; and (4) in- 
evitable variability between and within consignments of 
bricks. The significance of the most important tests carried 
out on basic bricks is discussed and it is suggested that, 
in the manufacture of the bricks, the importance of some 
laboratory tests is over-emphasized.—P. C. P. 

Specifications for Firebricks from the Makers’ Angle. C. E. 
Moore. -(Claycraft, 1953, 26, Jan., 152-160). The advantages 
of agreed specifications to the makers are pointed out and the 
re-heat test, refractoriness-under-load, cold crushing strength, 
spalling resistance, porosity, size tolerance, and the examina- 
tion of brick fractures are briefly considered.—. C. s. 

Indian Specifications on Refractories. B. L. Majumber. 
(Ceramics, 1952, 4, Nov., 420-422). The Indian Standards 
Institution was sponsored by the Ministry of Industries and 
Supply, Government of India, in 1947. Details of specifica- 
tions on fireclay refractories are given.—E. C. Ss. 

Super Refractories. R. H. Warring. (Ceramics, 1952, 4, 
Dec., 472-476). Many of the new refractories which are the 
products of the electric furnace (mostly bonded silicon car- 
bide and bonded fused aluminium oxide) have replaced metals 
in engineering and industrial applications. The replace- 
ment of normal by super refractories permits higher working 
temperatures and gives longer life and corrosion resistance. 
Costs and properties of these refractories and of heat-resisting 
alloys are compared.—E. C. Ss. 

Long-Time Load Tests on Commercial Classes of Fire-Clay 
Brick. J. A. Crookston and D. R. Torgeson. (J. Amer. 
Ceram. Soc., 1952, 35, Oct., 265-271). The load-bearing 
characteristics of commercial super-duty, high duty, and 
siliceous fireclay refractories were studied and the results are 
discussed, in terms of optimum testing methods and possible 
service applications. The bricks were subjected to a load of 
25 Ib./sq. in. and the continuous vertical linear change was 
measured with revolving drum kymographs.—.. C. s. 

Thermal Stress Failure of Pure Refractory Oxides. B. 
Schwartz. (J. Amer. Ceram. Soc., 1952, 35, Dec., 325-333). 
The strength, elasticity, and thermal expansion of three pure 
dense refractory oxides—alumina, stabilized zirconia, and 
magnesia—were measured within the 25°-1500° C. range. 
Thermal stress resistances were determined by calculations 
from these physical properties and by direct tests. The 
resistance to fracture of hollow cylinders, heated uniformly 
from the inner surface, was expressed quantitatively by the 
heat flow at steady state required to cause fracture, and was 
found to be a function of physical — temperature 
range, and temperature distribution.—e. C. s. 

Thermal Expansion of Nonmetallic Crystals. J. B. Austin. 
(J. Amer. Ceram. Soc., 1952, 35, Oct. 243-253). The author 
deals with principles, and endeavours to construct a framework 
to serve as a basis for correlating experimental observations. 
He considers the mechanism and reproducibility of thermal 
expansion and its relation to thermal properties, crystal 
symmetry, reversible transformation, valency, and chemical 
constitution of refractory oxides.—kE. C. Ss. 

Rammed and Castable Refractories Find Increased Steel 
Plant Use. R. R. Fayles. (J. Met., 1953, 5, Jan., 34-36). 
Eastern Steelmaker Reduces Masonry Man-Hours. R. R. 
Fayles. (Steel, 1953, 182, Jan. 19, 87-88). The author 
describes the use of rammed and castable refractories at the 
Lukens Steel Co. Open-hearth bottoms and doors are rammed, 
and fantail roofs are all being converted to this construction 
with some beneficial modification of furnace lines. All mill 
furnace roofs and covers can be made of plastic or castable 
material. Performance of the furnaces and refractories is 
reported excellent and the bricklaying force is conserved for 
open-hearth rebuilding.—D. L. Cc. P. 

The Action of Molten Steel on Casting-Pit Refractories. R.L. 
Morton and P. T. Carter. (J. West Scotland Iron Steel Inst., 
1951-52, 96-113). The factors that influence the attack of 
molten steel on alumino-silicate refractories are discussed, 
and experiments described which show that the initial reaction 
is that between the molten steel and ferric oxide in the refrac- 
tory. An attempt is made to explain and correlate the 
results of previous workers on the attack of metals on 
refractories.—P. C. P. 

Silica and Chrome-Magnesite Bricks in the Iron and Steel 
Industry: Prospects of Using All-Basic Open-hearth Furnaces. 
G. R. Rigby. (Iron Coal Trades Rev., 1953, 166, Jan. 9, 
77-82). The author describes the physical and chemical 
properties of silica and chrome-magnesite bricks and considers 
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the applications of these bricks in the modern iron and steel 
industry. The future of the all-basic open-hearth furnace is 
briefly discussed.—c. F. 

Thermal Insulation in Furnaces and Boilers. J. E. Lafon. 
(Mét. Constr. Mécan., 1952, 84, May, 357-361 ; June, 441 
445 ; July, 517-519). The author discusses conduction and 
radiation losses, the manufacture and properties of insulators 
and the principles of conductivity, convection, and radiation. 
Practical aspects of heat insulation and the choice of insulators 
are dealt with.—R. s. 

Insulating Refractories and Their Uses. L. Halm. (Weét. 
Constr. Mécan., 1952, 84, Nov., 833-837). The author defines 
and classifies refractory insulators and discusses their pro- 
perties and uses.—R. s. 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


A New Type of Blast-Furnace Tuyere. \W. Dehne. (S¢ai/ 
u. Eisen, 1953, 78, Feb. 12, 222-224: Iron Coal Trades Re 
1953, 166, Apr. 17, 883-884). A new design of tuyere is 
described. This is constructed from rectangular copper 
tubing in the form of an inner and an outer truncated cone. 
Water can be passed through these coils in either direction. 
The nose of the tuyere is a separate hollow member, cooled by 
water passing through the hollow bolts used to secure nose 
and body to the base. The advantages of the new design are 
discussed.—J. P. 

The Operation of the Low Shaft Blast- Furnace. H. Schu- 
macher. (Stahl u. Eisen, 1953, 73, Feb. 26, 257-263 : Iron 
Steel Inst., 1953, Translation Series No. 469). The manner in 
which oxygen enrichment of the blast can modify coke con- 
sumption, heat supply, working temperature, and _ heat 
balance in the ordinary blast-furnace has suggested opera- 
tional procedures for improving the fuel consumption of the 
low shaft furnace, though these are not restricted to the use of 
oxygen. The basis of the construction of a low shaft furnace, 
of 80 tons per day coke throughput, at Oberhausen is given. 
The dimensions and equipment are described and the special 
working methods are illustrated by reference to two periods 
of operation. The economic advantages of the use of oxygen 
for the production of ferro-manganese is shown on a cost 
basis. Preliminary trials of the preparation of high percent- 
age ferro-alloys and the production of ferromanganese, using 
coke from bituminous coal, are described briefly.—J. P. 

Danger Zones in a Blast Furnace Lining. K. B. Snow and 
W. C. Allen. (Amer. Iron Steel Inst., Birmingham Regional 
Technical Meeting, 1952, Dec. 3, 1-71). Avery full investiga 
tion of the stack linings of 16 blast-furnaces as well as six 
hearths covering a range of constructional materials and a 
variety of American practice is reported. The deposition of 
carbon, alkali attack, brick and mortar selection, bricklaying, 
and water cooling are all discussed. Petrographice and chemi- 
cal analyses of samples from particular zones of the linings 
are given. The conclusions drawn from the survey are 
explained. (16 references).—T. E. D. 

Blast Furnace Practice at Redcar Works. A. T. Ledgard. 
(Cleveland Inst. Eng. : Iron Steel Inst. Special Report No. 48, 
1953, 24-36). The operation of two blast-furnaces of iden- 
tical design at the Redcar works of Dorman Long and Co., 
Ltd., since their reconstruction in 1947 is described. No. 4 


furnace has operated throughout on unscreened burden, 
whilst No. 1 furnace has, since 1949, had the advantage of a 
fully screened burden and accompanying sinter. No. | fur- 


nace immediately gave 10°, more iron with a 10°, cut in 
coke consumption. Blast pressure dropped from 12-13 to 
9-10 lb./sq. in. The sulphur became 0-01°%, and the silicon 
0-10% lower than normal. Other aspects of operation, 
including some results of B.1.S.R.A. field trials, are described. 

Progress at Republic Steel Corporation with the High Pres- 
sure Blowing of Blast Furnaces. J.C. Murray. (Blast Furn. 
Steel Plant, 1953, 41. Jan., 49-55). An account of high top 
pressure operation by the Republic Steel Corp. is presented. 
At least 124% more iron has been produced without prohibi- 
tive flue-dust losses and the coke consumption has not varied 
greatly. Very little mechanical trouble is now being en- 
countered. Details of the alterations required for converting 
a furnace for high top pressure operation are given.—B. G. B. 

Developments in Blast-Furnace-Gas Cleaning During the 
Last Ten Years. K. Guthmann. (Stahl u. Eisen, 1953, 78, Feb. 
26, 283-292: Iron Steel Inst., 1953, Translation Series No. 
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471). The development and status of the subject are re- 
ported, with particular reference to operational results with 
modern plants in Germany and elsewhere. Wet methods 
have been increasingly employed in the U.S.A. and England 
in the form of plate or tube electrofilters. The operation of 
the high top pressure furnace has led to the development of 
methods for effecting the final cleaning while the gas is still 
under pressure. Wet electrofilters are mainly employed in 
American ferromanganese blast-furnaces. The use of ultra- 
sonics for gas cleaning has not yet proved satisfactory.—J. P. 

Desulphurization of Iron and Dephosphorization of Basic- 
Bessemer Steels with Soda Slags. F. Meunier. (Rev. Mét., 
1952, 49, Dec., 855-862). Steelworks trials at the Société 
Anonyme des Hauts Fourneaux de la Chiers are described. 
These concerned desulphurization and dephosphorization by 
solid, readily fusible, mixtures with a soda base (patented as 
the K.S.C. processes). For sulphur removal, the best slag 
composition was 60% Na,CO3, 20% NaOH and 20% CaC, in 
amounts up to 1-5% of weight of iron. The proc esses lower 
the sulphur and phosphorus contents below 0-02% at low 
cost.—A. G. 

Simplified Construction of Heat Balances for the Blast- 
Furnace Process. S. Klemantaski. (J. Iron Steel Inst., 1953, 
174, July 236-241). [This issue]. 

Pressure Drop in Blast Furnace and in Cupola. S. Ergun. 
(Indust. Eng. Chem., 1953, 45, Feb., 477-485). Performance 
data of 20 blast-furnaces and one cupola have been analysed : 
pressure drops can be closely explained in terms of an equation 
developed earlier for fluid flow in fixed and fluidized beds. 
Present furnace practice probably results in excessive chan- 
nelling, reducing heat transfer and reduction rates up to 25% 
of the maximum obtainable. Size grading of the burden isthe 
most important factor in productioncapacity. (24references). 

Reduction of Iron Oxides by Carbon. F. Munoz del Corral. 
(Met. Electr., 1953, 17, Jan., 33-43; Feb., 46-53). [In 
Spanish]. The author discusses the physico-chemical prin- 
ciples of the reduction of oxides by carbon in the blast- 
furnace. He also reviews its application in the manufacture 
of sponge iron in the electric blast-furnace and in the low shaft 
furnace.—R. s. 

Reduction of Silicon from Blast Furnace Type Slags. J. C. 
Fulton, N. J. Grant and J. Chipman. (Trans. Amer... Inst. 
Min. Met. Eng., 1953, 197; J. Met., 1953, 5, Feb., Section 1, 
185-190). The authors have studied the distribution of 
silicon between liquid iron-silicon-carbon alloys saturated 
with graphite and CaO-SiO,—Al,O 3 slags at 1600° C. in CO 
atmospheres. The silicon content of the metal is found to 
be highly dependent on the CaO/SiO, ratio of the slag, and 
increases as alumina replaces lime at a constant percentage of 
silica.—c. F. 

Granulation of Pig Iron at the Watenstedt Iron and Steel 
Works. F. Albrecht. (Stahl u. Eisen, 1953, 78, Mar. 12, 
335-337). The whole pig iron output from Watenstedt is 
disposed of in solid form for remelting. The equipment 
developed to granulate this iron to a form suitable for use in 
blast-furnaces and converters is described. The molten iron 
runs from a launder to a distributing head and then flows in a 
number of streams on to a water-sprayed rotating cone. The 
granulated iron and water pass over the edge of the cone into 
a container of water from which the iron granules are fed to 
a wire conveyor belt. The granules retain sufficient sensible 
heat to evaporate the adhering water and a dry product is 
thus obtained.—z. P. 








DIRECT PROCESSES 


A New Electrothermal Process for the Manufacture of Iron.— 
The Lubatti Process. G. Zuliani. (J. Four Elect., 1953, 62, 
Jan.—Feb., 25-27). The methods used for the smelting of 
iron ores in an electric furnace are first discussed and a de- 
scription of the Lubatti process is given. This process differs 
from the more usual methods in that a shallow container is 
used and the iron produced is charged directly into a refining 
electric furnace (this minimizes excessive pick-up of carbon 
and other elements). Operating data are given for a number 
of furnaces using this principle. For the production of a 
foundry iron from magnetite and anthracite the consumption 
of electrical energy is 2200 kWh. and of carbon 400 kg./ton of 
iron.—B. G. B. 

Sponge Iron at Anaconda. F.F. Frick. (Min. Eng., 1953, 
5, Jan., 83-84). Details are given of pilot plant operations 
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by Anaconda Copper Mining Co., producing a bulky sponge 
iron suitable for copper precipitation, A —35 mesh impure 
product (approx. 50% Fe) results from reduction of an iron 
calcine feed at 1850° F. by a soft coke derived from slack 
coal. Revolving Bruckner furnaces are used for re-roasting 
and reduction.—k. E. J. 

The Reduction of Magnetite Mixed with Oxides of Nickel or 
Cobalt. V.I. Arkharov, A. K. Varskaya, M. G. Zhuravleva, 
and G. I. Chufarov. (Doklady Akademii Nauk SSSR, 1952, 
87, 1, 49-52). [Im Russian]. The reduction of magnetite 
mixed with cobalt or nickel oxides was investigated. Samples 
at various degrees of reduction (up to 80°) were placed in a 
closed system into which CO, was introduced and circulated 
at 800°C. until CO,-CO-metal-oxides equilibrium was 
attained. The phase composition of the solids was estimated 
from the measurements of lattice parameters by X-ray 
diffraction.—v. G. 


PRODUCTION OF STEEL 


Steelmaking. (Steel, 1953, 182, Jan. 5, 242-254). Recent 
and impending advances in American iron and steel production 
are reviewed. Blast-furnaces continue to use carbon linings 
and more are being equipped for high top pressure ; new types 
of electrostatic precipitators are being tried. Open-hearth 
furnace maximum size is about 275 net tons ; single uptakes 
have been modified to improve combustion ; quick ramming 
of bottoms is coming into favour. Some acid Bessemer con- 
verters have been dismantled. Induction stirrers for electric 
furnaces are arousing interest. A CO-resistant mortar has 
been developed.—p. L. c. P. 

Steel Plant Activities on the West Coast in 1952. T. A. 
Dickinson. (Blast Furn. Steel Plant, 1953, 41, Jan., 87-91). 
A short account of the operation of the steel industry on the 
West Coast of America in 1952 is presented. The Kaiser 
Steel Corp. at Fontana has installed a new tinplate mill and is 
engaged in a large programme of expansion, including a new 
blast furnace, open-hearth furnace, and 90 more coke ovens. 
Details of the _— of other steelworks in the area are 
given.—B. G. 

Cie des Forges de Chatillon-Commentry et Neuves-Maisons. 
(Aciers Fins Spec. Frang., 1952, June, 101-102). Some 
particulars of this company’s plant and products are given. 
At Montlugon there are two large open-hearth and two 
Héroult electric furnaces, a foundry, and a forge shop with 
four heavy forging presses. At Commentry there are sheet 
and plate mills.—r. a. R. 

The Steelworks at Bonpertuis—History of the Development 
of a Metallurgical Company in the Dauphiny in the Past and 
Now. (Aciers Fins Spec. Frang., 1952, Mar., 90-94). The 
history and present-day arrangement of this company, which 
now produces special crucible steels, is outlined.—k. A. R. 

Iron and Steel Works at Aviles, Spain. (Zngineer, 1953, 
195, Feb. 13, 244). Project for New Spanish Steelworks. 
(Times Rev. Ind., 1953, 7, Mar., 93). Ore preparation, blast- 
furnace plant, open-hearth plant, and rolling mills supplied 
by British firms for a new steelworks at Aviles in the Asturias 
are described. Initial production is planned to be about 
350,000 ingot tons per year.—T. E. D. 

The Behaviour of Nitrogen in Basic-Bessemer Heats During 
the Carbon Period with Different Ways of Cooling. W. Oelsen 
and H. J. Darmann. (Stahl u. Eisen, 1953, 78, Mar. 12, 
338-345). The time at which cooling agents are added to 
the converter has a marked effect on the nitrogen content 
during the decarburization period. The decarburization 
reaction, if favoured by high temperature at the start of the 
blow, proceeds rapidly before the burning of all other elements. 
Vigorous decarburization has a favourable influence on the 
nitrogen content during the pre-blow, the increased nitrogen 
solubility in iron at high temperatures being important only 
at low carbon contents. This confirms the fact, determined 
statistically, that the most suitable time for cooling is when 
the pre-blow is 70-80% complete. An increased denitriding 
effect was observed directly after the addition of limestone to 
small heats. The beneficial effect of limestone cooling is 
obtained only if the time of addition is correctly chosen. The 

effect depends on a very rapid decomposition of the limestone 
in the converter which exercises an almost instantaneous 
cooling action on the metal and increases the oxygen supply 
through the liberated carbon dioxide, and not on a persistent 
reduction of the nitrogen partial pressure in the waste gases. 
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New Process for Manufacturing High Quality Killed Basic- 
Bessemer Steel. F. Meunier and R. Soisson. (Rev. Mét., 
1952, 49, Dec., 876-882). Synthetic slags are preferable to 
deoxidants for killing steels since non-metallic inclusions are 
partly eliminated, the disadvantage being the heat needed to 
form such a slag. In the Soisson-Rodange process, the steel, 
after dephosphorization, is poured into another ladle contain- 
ing the solid components of a basic oxidizing and fluid slag. 
Blowing for 30-40 sec. generates sufficient heat to promote 
mixing and avoid skulling. Phosphorus contents are readily 
lowered and high quality killed steel is produced with low 
additional cost.—a. G. 

The Growth of an Idea: Research on Flow Patterns in Open- 
hearth Furnaces. J. H. Chesters. (Jron Coal Trades Rev., 
1953, 166, Jan. 23, 179-188). The author contends that 
progress in industrial research can often be accelerated by 
full co-operation with workers in allied fields, and that, from 
a long term view, the fundamental approach is the only satis- 
factory one. He also suggests that modifications to plant 
and processes based on research will be more readily accepted 
if the production staff share in the early development work, 
and he outlines the development of the flow-pattern research 
at the United Steel Companies Ltd., describing the applica- 
tion of the results in practice.—c. F. 

Design—A Limiting Factor in the Life of Open-Hearth 
Furnace Refractories. J. H.Chesters. (Refract. J., 1953, 29, 
Jan., 2-9). Recent progress in aerodynamics and _ heat 
transfer problems are briefly reviewed and design objectives 
are outlined under the following heads : Heat release rates ; 
super-refractories, convection heating ; and heat losses in 
cooling water.—£. ¢. Ss. 

General Remarks on Gas and Air Reversal Valves. 
Reversal Apparatus for Flames at High Temperatures. L. 
Gascuel. (Mét. Constr. Mécan., 1952, 84, Aug., 567-570). 
General observations, with diagrams, are made on the opera- 
tion of a reversal arrangement for high temperature flames. 

The Manufacture of Rimming Steels. H. N. Bowen. 
(Swansea Met. Soc., 1952, 18th Oct., 1-39). The production 
of rimming steels is examined in detail. From theoretical 
considerations it is concluded that elimination of sulphur is 
erratic and uncertain, and to ensure a low sulphur product it 
is essential to have a low sulphur input. Complete gas com- 
bustion at the ports and excess oxygen in the gas mixture is 
required. High bath temperature throughout production, 
and the highest possible lime content in the slag are necessary. 
High carbon improves sulphur removal. be results of five 
heats are given and critically examined.—1. C. B. 

The Reaction Between Sulphur Dioxide ee Molten Iron and 
Its Importance in Steelmaking. P. T. Carter and 8S. Tahir. 
(J. West Scotland Iron Steel Inst., 1951-52, 133-169). The 
reactions between molten iron and gases containing sulphur 
are discussed, and experimental work in which gas mixtures 
containing sulphur dioxide, nitrogen, and oxygen were used 
is described. The sulphur picked up by molten iron from 
mixed gas, raw producer gas, and low-moisture producer gas 
has been calculated for different degrees of combustion of the 
gas. The application of these results to the melting-down 
stage in steelmaking is discussed.—P. C. P. 

Attainment of Equilibrium in Gas-Metal Reactions. N. A. 
Gokeen. (Trans. Amer. Inst. Min. Met. Eng., 1953, 197, 
J. Met., 1953, 5, Feb., section I, 191-194). A formula is 
derived expressing the minimum time required for the estab- 
lishment of equilibrium with particular reference to the 
reactions : 

H, (gas) + S (iron) = H,S (gas) 

H, (gas) + O (iron) = H,O (gas) 

2H, (gas) + . SiO, (slag) 2H,0O (gas) + Si (iron). 
Available data and experimental methods are analysed, inter- 
preted, and critically evaluated by using the derived equa- 
tions.—«. F. 

The Factors Determining the —— Temperature of 
Open-Hearth Steel. D. Hadfield and A. J. Donald. (J. West 
Scotland Iron Steel Inst., 1951-52, 44-73). The different fac- 
tors affecting the temperature at which open-hearth steel is 


teemed are considered. From theoretical calculations of 


the probable effect of each, their relative importance is 
assessed. The theories put forward have been tested by 
measuring the temperature in the ladle of a large number of 
charges, using a specially designed pyrometer. The results 
are analysed statistically to account for the wide variations 
in the ladle temperature that are found. These results make 
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it possible to decide the temperature at which to tap steel of a 
given composition.—P. Cc. P. 

Some Factors Affecting Productivity in a Cold-Metal Open- 
Hearth Shop. W. 8S. Walker. (Cleveland Inst. Eng.: Iron 
Steel Inst. Special Report 48, 1953, 17-23). The effect on 
productivity of the five constituent parts of the production 
cycle (charging time, melting time, refining time, time to tap 
the charge, and fettling time), and the factors which influence 
them, are discussed. The results of tests to increase produc- 
tivity are given.—B. G. B. 

The Problem of the Life of Mixers. A. Latour and J. 
Schoop. (Stahl u. Hisen, 1953, 78, Feb. 26, 266-272). It is 
shown that slag control, the way in which the lining is con- 
structed and heated up, and the general running can all have 
a marked influence on the performance of the lining. The 
good results obtained at Volklingen are due to co-operation 
of all concerned, from manager to operative.—J. P. 

Close Checks Produce Top Tool Steels. L. C. Grimshaw. 
(Steel, 1953, 182, Feb. 9, 102-107). Precautions and tests 
such as rapid spectroscopic analysis and immersion thermo- 
couple temperature readings, which can be carried out during 
the production in electric furnaces of tool steels are surveyed. 

Induction Stirrer Applied to Electric Furnaces by Timken. 
(Blast Furn. Steel Plant, 1953, 41, Jan. 57-62). Induction 
Stirrer for Electric Arc Furnaces. (Engineering, 1953, 175, 
Apr. 3, 428-429). A fairly detailed description of three new 
top-charging electric furnaces 20 ft. in dia., installed by the 
Timken Roller Bearing Co. at Canton, Ohio, is given. One of 
the features which is described is the induction stirrer on the 
bottom of the furnace. Though thorough testing of this 
device has not yet been carried out, improvements in the 
operation have already been noted. These include a 25 
reduction in the final sulphur over conventional practice and 
a more accurate control over the final carbon and other 
elements.—RB. G. B. 

Some Practical Aspects of High Speed Steel Manufacture. 
K. S. Vaidyanathan. (Metal Market Rev., 1952, 5, Oct. 13, 
11-15 ; Oct. 20, 11-13). The majority of high speed steels 
now manufactured are of the 18/4/1 W-Cr-V type. Most of 
the steels are made in basic lined electric furnaces and the 
rest in high-frequency induction furnaces which are usually 
acid lined. The various stages in the making of the finished 
steel are described.—R. G. B. 

Aluminium-Oxygen Equilibrium in Liquid Iron. N. A. 
Gokcen and J. Chipman. (Trans. Amer. Inst. Min. Met. Eng., 
1953, 197; J. Met., 1953, 5, Feb., Section 1, 173-178). The 
authors have studied the equilibrium of liquid iron containing 
aluminium and oxygen with a gaseous mixture of hydrogen 
and water vapour, and with crucibles of pure alumina at tem- 
peratures of 1695-1866° C. Each of the elements aluminium 
and oxygen strongly reduces the activity coefticient of the 
other, the effect decreasing with increasing temperature. 
Experimental values of the product [°,, Al]? [°, O}* are lower 
than those found in previous studies, and are of the order of 
magnitude of the calculated values.—«. F. 

Electrochemical Theory of the Metal-Slag Equilibrium. J. 
Manuel Pertierra. (Tecn. Met., 1952, 8, Mar., 89-107). [In 
Spanish]. The author discusses the constitution and the 
thermodynamic s of liquid slags and the electro-conductiv ity 
of fused silicates. Herasymenko’s theory of metal-slag 
reactions is reviewed.—R. s. 

Evaluation of the pH and Conductivity Methods of Slag 
Control. P. D.S. St. Pierre. hyena Amer. Inst. Min. Met. 
Eng., 1953, 197, J. Met., 1953, 5, Jan., 41-43). The author 
shows that pH and conductivity measurements on aqueous 
slag suspensions can indicate in a general way the mineralogi 
cal development of the slag as the heat proceeds, but exact 
quantitative measurements are precluded by the nature of 
hydrolysis of the calcic materials. The presence of undis- 
solved lime has a considerable effect on the measurements, 
and there is little theoretical justification for relating them 
to ‘V ratios’ or ‘excess base’ factors used by previous 


workers.—G. F. 

Comparisons of Performance of Industrial Electric Furnaces. 
E. Schwarz-Bergkampf and W. Unger. (Elektrowiirme Techn., 
1952, 3, Aug., 77-82). Comparisons of industrial furnaces 
are made on the basis of energy generated per unit area of 
heater surface. The requisite dimensions of furnaces of 
various types are derived on this simple basis, and the design 
of Mo-, Fe-—Cr—Al- and Ni-wound heating units is related to 
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these data. The dimensions of are furnaces are related to 
the power output of the graphite or carbon electrodes. On 
the basis of an assumed inner temperature of 2000° C. and 
an outer temperature of 500°C. the dimensions of a hemi- 
spherical furnace suitable for steel-melting are calculated and 
found to correspond with those employed in practice.—P. F. 

Determination of Heat Storage in Electric Furnaces. L. 
Beuken, J. de Boer and L. Smeets. (Elektrowdrme Techn., 
1952, 8, June, 49-53). The theory of two methods for meas- 
uring the heat storage of a furnace is considered, and prac- 
tical applications of the results are given. The methods de- 
pend upon determining the total energy input, and loss, 
respectively, on heating to and cooling from the stationary 
operating temperature. If external heat losses are deducted 
from the values found, the furnace heat capacity is obtained. 
The application of small model furnaces in experimental work 
is considered.—P. F. 

Continuous Casting Makes Steady Progress. (Steel, 1952, 
181, Dec. 22, 79-82). The fundamental factors involved in 
continuous casting plant are set out, and the experience of 
Republic Steel Corp., and Babcock and Wilcox Co., in operat- 
ing a pilot plant is briefly described. Erection of production 
plant for stainless steel may be started by the end of 1953, 
with carbon steel plants to follow.—p. L. c. P. 

Continuous Casting of Steel by the Junghans Process. K. G. 
Speith and A. Bungeroth. (Stahl u. Eisen, 1952, 72, July 17, 
869-885). Difficulties inherent in the continuous casting of 
steel, improvements in quality and yield, and reduction in 
costs to be gained by the successful operation of the process 
are discussed. The structure of continuously cast bars and 
induction stirring of the still molten core to improve internal 
structure are described. Experiments at Huckingen have 
demonstrated the effects of steel composition and casting 
temperature on maximum casting speed; the results are 
presented diagrammatically. The connections between bar 
diameter, solidification time and withdrawal speed, and the 
output rate of a plant have been -clarified. The practical 
possibilities of the continuous casting process in modern steel- 
works are considered to be favourable.—4s. P. 

Factors Affecting the Formation of Surface Defects on 
Ingots for Medium Carbon Killed Steel Sheets. M. Signora 
and J. Camolese. (Met. Ital., 1952, 44, Nov., 560-567). A 
brief description is given of the main surface defects affecting 
ingots. From the examination of some 2000 ingots it is 
found that : A high teeming temperature always causes the 
formation of cracks and inclusions of refractory materials ; a 
high rising speed in the mould is reponsible, even at normal 
teeming temperatures, for the formation of transverse cracks ; 
low teeming temperatures and speeds are responsible for 
crusty surfaces and blisters.—m. D. J. B. 

Effect of Non-Metallic Inclusions on the Quality of Spanish 
Steels. J.F.Flotats. (Inst. Hierro Acero, 1952, 5, Oct.—Dec., 
1170-1178). [In Spanish]. After attempting to determine 
whether there was any relationship between non-metallic 
inclusions and the quality in 32 steels, the author concluded 
that it had not been possible to prove such relationship, even 
though it was known that any treatment designed to eliminate 
inclusions did improve the steel quality.—Rr. s. 

Steelworks Ingot Moulds—Their Protection and Maintenance. 
M. Guedras. (Mét. Constr. Mécan., 1952, 84, Sept., 609-611). 
The author’s recommendations include : (1) Ingots must not 
be allowed to cool down in the mould ; (2) great care must be 
taken in preheating moulds before teeming ; (3) ingot moulds 
should not be coated with a lime wash ; and (4) a good coating 
is one consisting of 65°, fine silica sand containing no alumina, 
30°, 100-mesh Refractolith, and 5% sodium silicate.—R. s. 

Accelerated Solidification in Ingots: Its Influence on Ingot 
Soundness. E. Marburg. (Trans. Amer. Inst. Min. Met. 
Eng., 1953, 197; J. Met., 1953, 5, Feb., Section 1, 157-172). 
The author describes the types of segregation occurring in 
ingots and discusses theories put forward to explain them. 
He then describes ingot ‘ pour-out ’ experiments from which 
solidification patterns for wide-end-up and _ small-end-up 
ingots have been constructed. A core of vertical solidification, 
surmounting a zone of accelerated vertical solidification and 
surrounded by zones of accelerated transverse solidification, 
is found to extend from the base cone to the hot-top junction, 
and, based on the finding that most ingots complete solidifica- 
tion vertically, new mechanisms for segregations are proposed. 
Internal soundness is found to depend on the width of the 
vertical core which in turn depends mainly on the width/ 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


height ratio of the ingot. Axial defects vary characteristic- 
ally with the solidification pattern, and examples of ingots of 
the various types are illustrated. The effects of ingot and 
mould design on the solidification patterns are dicussed.—G. F. 


FOUNDRY PRACTICE 


Progress in Foundry Science in the First Half 0f 1952. P. A. 
Heller. (Stahl u. Eisen, 1953, 78, Feb. 12, 230-234 ; Feb. 26, 
296-299). Publications during the first six months of 1952 
dealing with cast iron are reviewed.—J. P. 

Casting Design for Heavily Loaded Parts. E. T. Vincent. 
(Foundry, 1953, 81, Jan., 94-97, 267-273). The author dis- 
cusses how to design a casting to withstand the stresses im- 
posed on it during service. Fatigue due to stress fluctuation 
and the effect of surface finish on fatigue are considered. The 
relation between actual and calculated stress is dealt with and 
a wrist pin is taken as an example to illustrate the use of the 
fatigue diagram in designing a part.—L. E. Ww. 

Foundries Report on Basic Electric Arc Practices. T. N. 
Armstrong. (Iron Age, 1952, 170, Nov. 27, 103-105). The 
author surveys 25 foundries representing about 75°, of the 
total using basic electric are furnaces for melting ferritic steels 
and shows the trends and significant differences in melting 
practice. For roofs, the trend is away from silica to high 
alumina, most bottoms are of rammed magnesite, and 
operate on a full scrap charge, and 25°, use oxygen.—a. M. F. 

Casting. (Steel, 1953, 182, Jan. 5, 264-278). Recent pro- 
gress in the U.S. foundry industry is surveyed. The shell 
moulding process receives most attention ; it will soon be 
producing in every large foundry. The basic cupola is coming 
more into use.—D. L. ©. P. 

Cupola Melting and Control for Machine Tool Castings. 
A. J. Dublo. (Amer. Foundryman, 1953, 28, Jan., 53-57). 
An outline is given of the cupola practice and control tech- 
niques at the Sterling Foundry. The cupola construction, 
charging, coke control, and chip salvage are discussed.—t. E. W. 

Basic Lining of Cupolas. W. Heinrichs. (Giesserei, 1953, 
40, Jan. 22, 54-55). The greatest difficulty in basic cupola 
operation is to find suitable material for the slag notch, which 
will resist the corroding slag and the oxidizing effect of the 
blast. Carbon brick, silicon carbide, and chrome-magnesite 
blocks have been tried with varying degrees of success. The 
effect of temperature and of having different melts in the 
furnace, on the lining is discussed. Typical compositions of 
a basic molten grey cast iron and a slag are given.—R. J. Ww. 

Effect of Blast Volume in Cupola Melting. N. Kayama. 
(Waseda Univ., Rep. Casting Res. Lab., 1950, Jan., 17-19). 
[In English]. High blast temperature practice is frequently 
adopted in Japan to obtain high melting temperature because 
of poor coke. Nevertheless, investigations show that this 
practice has deleterious effects on casting and mechanical 
properties, primarily through formation of ferrous oxide as 
a result of free oxygen.—k. E. J. 

Manufacture and Use of Ingot Moulds. (Mét. Constr. Mécan. 
1952, 84, Oct., 717-723 ; 729). This is a general discussion of 
the more important factors affecting mould life. Experience 
gained in the manufacture of ingot moulds, the preparation of 
the cupola charge, casting, and stripping are described.—R. s. 

Conditions for the Production of Nodular Cast Iron—Its 
Properties and Uses. K. Lohberg. (Stahl u. Eisen, 1953, 78, 
Feb. 12, 212-218). Tests have shown that satisfactory for- 
mation of spheroidal graphite occurs only when an excess of 
magnesium is added over that required to form magnesium 
sulphide. The tests indicated that the effect of magnesium 
decreased as the addition temperature increased. The tem- 
perature range of 1350-1400° C. produced good castability. 
The loss of magnesium by burning from a static melt increased 
with the square root of time. With increasing loss of mag- 
nesium, the proportion of spheroidal graphite decreased. 
The properties of the matrix are of greater importance for the 
properties of nodular iron than for those of grey iron. 
Magnesium itself increases the hardness of the matrix. The 
effects of silicon, manganese, phosphorus, and sulphur and 
the importance of cooling conditions and heat treatment are 
described. Applications of nodular cast iron are discussed. 

On the Occurrence of Nodular Graphite in Cast Iron. I. 
Aoki. (Nippon Kinzoku Gakkai-Si, 1952, 16, July, 387-391). 
[In Japanese]. On addition of Cu—Mg alloy to molten iron, 
it dispersed as small liquid particles : on addition of silicon as 
inoculent, graphite precipitated on the surface of the alloy 
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particles and spheroidized. On standing, most of the alloy 
entered solution.—k. E. J. 

Recent Views on the Manufacture and Mode of Crystalliza- 
tion of Cast Irons Containing Spheroidal Graphite. A. De Sy. 
(Mém. Soc. Ing. Civils France, 1952, 105, Apr.—June, 217-243). 
Theoretical and practical aspects of the making of spheroidal 
cast iron are outlined. The method of crystallization is fully 
discussed in the light of its structure. The rdles of the sulphur 
present, and magnesium or other additives are mentioned. 

The Crystallization of Cast Iron with Nodular Graphite. <. 
Wittmoser. (Giesserei, 1953, 40, Jan. 8, 8-16 ; Feb. 5, 75-82). 
The author discusses three theories concerning the formation 
of nodular graphite ; (1) Indirect formation by decomposition 
of cementite ; (2) direct from melt ; and (3) from super- 
saturated solid solution. In an attempt to resolve the differ- 
ences, the author investigated the relative position of graphite 
nodules in segregation zones with decreasing carbon content. 
The results, which are reported, favour the third theory. 

First Industrial Trials in ~ Production of Nodular Iron 
Castings from Cupola Metal. Jankowski, J. Gorezynski, 
M. Pachowski, A. Bargiel, oa F. aye (Przeglad Odlew- 
nictwa, 1952, 2, 12, 388-395 ; 1953, 3, 1, 22-26). [In Polish]. 
The preparation of raw materials and e Ses nt necessary for 
initial trials and large-scale production of nodular iron is 
outlined. Desulphurization of iron before inoculation was 
done with a 4 to 1 mixture of soda ash and calcium carbide. 
The composition of charges for melting in the cupola, and the 
chemical composition, structure and mechanical properties of 
nodular iron produced, are given. Inoculation was done 
with a 21/49/29 Mg-Cu-Ni alloy and a 20/80 mixture of 
magnesium with 75°, ferrosilicon.—v. G. 

Malleable Iron. F. Roll. (Z. V.d.J., 1952, 94, Sept. 1, 
849-852). The author discusses the various types of malleable 
iron, their manufacture, properties, and applications.—J. G. w. 

The Research and Development Division of the British Steel 
Founders’ Association. J. F. B. Jackson. (Metallurgia, 
1952, 46, Nov., 231-236). A discussion of the methods of 
operation of the Research and Development Division of 
B.S.F.A. includes descriptions of their publications, informa- 
tion service, and discussion groups to translate the results of 
research into practice. Reference is made to a number of 
projects in hand, including investigations into foundry me- 
thods (including the health aspect), the influence of moulding 
materials on hot tearing, ‘feathering’ and dressing of steel 
castings and into the properties of castings.—B. G. B. 

Steel Foundry Practices. N. G. Chakrabarti. (Metal 
Market Rev., 1952, 5, Nov. 24, 19-21 ; Dec. 1, 18-15). The 
author discusses and compares "American and Indian foundry 
practice. A great improvement in the efficiency of Indian 
foundry practice could be brought about by the adoption of 
American methods.—B. G. B. 

Some New Techniques in the Steel Foundry. P. Blanchard. 
(Mét. Constr. Mécan., 1952, 84, June, 413-418). The distribu- 
tion of foundries in France and the consumption of steel 
castings from 1920 to 1950 are reviewed. Atmospheric pres- 
sure feeding and rotary melting furnaces are also dealt with. 

The ‘ Ideal” Steel arre: Foundry. H. G. Sc -- a 
(Foundry, 1952, 80, Dec., 84, 86-89, 251-256 ; 1953, 81, Jan., 
102-107, 257-259). The ako discusses the steps that are 
desirable in modernizing a typical steel jobbing foundry. 
Facilities required to achieve the most efficient operations 
are described.—.. E. w. 

Contribution to the Physicochemical Fundamentals of Steel- 
Founding Practice. W.Trommer. (Giesserei, 1953, 40, Feb. 
5, 69-75). The author discusses the physical quantities 
determining the flow of steel and indicates their implications 
for the —— of gates. He examines the property of * pour- 
ability.’—J. G. w. 

Grits ot Grinds : Snagging Operations. H. W. Wagner. 
(Foundry, 1953, 81, Jan., 112-113, 264-266). The author 
discusses how to determine the power and pressure that are 
needed for a given rate of stock removal when grinding steel 
castings. Formule are considered for resinoid and vitrified 
wheels, and the relevant graphs and tables are included. 

Advantages and Limitations of Olivine Molding and Core 
Sand. W. A. Snyder. (Amer. Foundryman, 1953, 28, Jan., 
65-68). The application of olivine moulding and core sand 
in the University of Washington foundry is discussed. The 
properties of olivine and tests on olivine sand mixtures are 
given with details as to the control of grain size and distribu- 
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tion, wet and dry mulling, mould washes, choice of binder, 
and core baking.—t. E. w. 

Silos Provide Advantages in Storing Core Sand. M. F. 
Degley. (Foundry, 1953, 81, Mar., 192-198, 301, 306). 
The use of circular silos as an economical method of core sand 


storage to conserve space, and at the same time facilitate 
mechanical unloading, is illustrated by a description of the 
layout at the Ferro Machine and Foundry Inc.—L. E. W 


The Apparent Thermal Conductivities of Moulding Materials 
at High Temperatures. D. V. Atterton. (J. Jron Steel Inst., 
1953, 174, July, 201-211). [This issue] 

Presence of Dust in Moulding Sand. M. Guedras. (Mét. 
Constr. Mécan., 1952, 84, Aug., 564-565). The author dis- 
cusses the origin and ty pes of dust from old foundry sand and 
the effect of moisture. Used sand should have the dust 
extracted and then be mixed with new sand plus 5°, bentonit¢ 
before use.—R. Ss. 

Effect of Baking Time and Temperature on the Properties 
of Oil-Sand Cores. A. J. Zuithoff and W. Van Stam. 
(Metalen, 1952, 7, Nov. 30, 401-407). [In Dutch]. The 
author describes tests for strength and permeability of oil- 
sand cores and discusses the effect of time and temperature 
of baking, and the ieee of core thickness and grain size 
on the properties.—R. 

Casting Special Steel in Synthetic Sand. H. Griinther. 
(Giesserei, 1952, 39, Nov. 27, 639-640). Recommendations 
are made on the preparation and use of synthetic sand moulds 
for casting alloy steel condenser plates 2 ft. 4 in. in dia. 

22 in. thick.—R. A. R. 

How to a up Circular Patterns from Segments. (Amer. 
Foundryman, 1953, 93. Jan., 49-50). Methods of cutting 
segments for circular and cylindrical pattern shapes are 
described. Three ways of holding segments together, namely, 
courses with alternate joints overlapping, single course seg- 
ments spliced at joints by insertion of a spline, and the mul- 
tiple spline system, are considered with their applications. 

Use of Metal ees in Foundries. H. Reininger. 
(Giesserei, 1952, 39, Dec. 25, 673-675). It is shown how metal 
spraying can be applied to foundry equipment, including 
patterns and chills to increase their life through the wear and 
corrosion resistance of the coating.—R. A. R. 

Standardization of Moulding Boxes. ((‘juteriet, 1952, 42, 
Dec., 203-207). [In Swedish]. A draft Swedish specification 
is given for standardizing light metal taper flasks having sides 
inclined at 4°.—G. G. K. 

An Automatic Moulding “ere (Gjuteriet, 1952, 42, 
Dec., 199-202). [In Swedish]. A detailed account is given 
of the pneumatic control system for automatic operation of 
an ordinary jolt-squeeze moulding machine.—c. G. kK. 

New Coremaking Machine. (Foundry Trade J., 1952, 98. 
Oct. 9, 407-408). Ferranti Ltd. have eliminated handling 
sand in the green state, by using a turntable on which are 
mounted a core-blower, an automatic electric drier, and a 
station for removing the core.—E. T. L. 

Grinding in the Foundry. M. Hubert and G. Gross. 
(Fonderie, 1952, Oct., 3130-3142). The author describes 
the operation of grinding wheels and the stresses to which 
they are subjected, types of abrasive used, factors affecting 
the choice of a suitable wheel, and gives some hints on the 
better utilization of grinding wheels. Maintenance of various 
types of wheel and methods of reducing grinding costs are 
discussed.—R. Ss. 

Custom Cores Cut Casting Costs and “7 Time for Busy 
Foundries. (Amer. Foundryman, 1953, 28, Jan., 41-43). The 
production of cores by the Coremakers Co. is briefly described. 
The core sand is prepared in a muller equipped with an electric 
skip hoist, oil being added in the muller and water later. 
Baking is carried out in two double -compartment gas-fired 
ovens with a combined capacity of 20,000 lb. in 8 hr. The 
ovens have forced exhaust to remove fumes. Cores weighing 
from | oz. to 300 lb. are made.—t. E. w. 

The Buoyancy of Cores. L. Frede. (Giesserei, 1953, 40, 
Jan. 22, 59-60). The buoyancy of cores used in casting is 
described with many diagrams. The buoyancy is shown to 
be independent of the depth of immersion. The effect of 
density is discussed. It is shown that calculation of buoyancy 
alone is insufficient, and other forces, such as contraction and 
gas pressure, must be taken into account.—R. J. W. 

Automatic Shell Moulding. J. Hollingum. (Machinist, 
1952, 96, Dec. 20, 2049-2056). Some advantages of the shell 
moulding process are pointed out and discussed.—R. A. R. 
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Shell Molding and Coremaking Adapted to the Small Shop. 
W.S. Walters. (Amer. Foundryman, 1952, 22, Dec., 42-45). 
The author describes the techniques of shell moulding and 
coremaking as practised at LaGrange Shell Molders. _ Illus- 
trations are given of castings made with sheli moulds and 
cores.—L. E. W. 

Shell Moulding. (Product Eng., 1952, 28, Oct., 121-127). 
The basic concept of shell moulding is the formation by heat 

.of a thin-walled, rigid, permeable mould from a mixture of 
‘ fine grain sand and a thermosetting phenolic resin. This light 
mould replaces the cope and drag sections of a conventional 
sand mould. The steps in the procedure for making a mould 
and the controlling factors are discussed.—a. M. F. 

Shell Moulding Data Grows. G. P. Phillips. (Steel, 1952, 
181, Dec. 22, 68-77). The author details the advantages, 
pitfalls, and operation of the shell moulding process, and in 
particular describes the development of mould production 
by the ‘“* Contour ” method of the International Harvester Co. 
Considerable savings are reported with the process. Finally, 
there is a review of shell making machines.—D. L. c. P. 

Developments in Shell Moulding. (Engineering, 1953, 175, 
Jan. 9, 44-45). Polygram Mark 4 Automatic Moulding 
Machine. (Machinery, 1953, 82, Jan. 16, 126-127). Shell 
Moulding : Mechanization of the Process. Jron Steel, 1953, 
26, Feb., 67-68). A description is given of an automatic 
shell-moulding machine developed by the Polygram Casting 
Co. Ltd., London. The machine is accessible, economical to 
run, and capable of producing high grade moulds.—u. D. J. B. 


Lost-Wax Precision Founding and Its Applications to Casting 
Small Machine Parts. I.—Generalities and the Presentation of 
Several Examples. M. Roques. (Mém. Soc. Ing. Civils 
France, 1952, 105, Apr.-June, 191-196). The history of the 
development of precision casting is outlined.—t. E. D. 


Lost-Wax Precision Founding and Its Applications to 
Casting Small Machine Parts. II[—Procedure and Application. 
M. E. Morlet. (Mém. Soc. Ing., Civils France, 1952, 105, 
Apr.—June, 197-216). A fully illustrated account is given of 
all aspects of the lost-wax casting process as applied to the 
accurate manufacture of compressor and turbine blades in 
stainless steels. The accuracy possible is discussed and the 
testing of manufactured components is mentioned.—t. E. D. 


Precision Casting or the Lost-Wax Process. M. Prette. 

(Rev. Gen. Méc., 1952, 36, Sept., 269-274 ; Oct., 309-312). 
A detailed and illustrated account of the lost-wax process is 
given.—R. Ss. 
New Precision Investment Foundry Incorporates Specialized 
Equipment. TT. Operhall. (Foundry, 1953, 81, Jan., 86-93, 
172-178). The successive steps in the lost-wax casting 
process are discussed in detail with respect to equipment, 
and the control measures practised by the Michigan Steel 
Casting Co.—t. E. w. 

New Pressure Pipe Foundry Serves West Coast Area. 
(Foundry, 1953, 81, Jan., 99-101). A brief description is 
given of the production of centrifugally-cast iron pipes using 
metal moulds, at the worksof United States Pipe and Foundry 
Co. Two cupolas provide the molten metal which flows con- 
tinuously via a desulphurizing basin into a tilting ladle serving 
the casting machine ladles. The mould is kept spinning until 
the pipe has cooled sufficiently. The pipe is heat-treated 
and then centrifugal force is employed to apply the internal 
cement mortar lining.—L. E. W. 

Using a Permanent Steel Mold to Measure Ferrous Metal 
Fluidity. F. C. Langenberg and R. D. Stout. (Amer. 
Foundryman, 1953 28, Jan., 44-47). A method is described 
whereby the fluidity of molten steel can be measured using 
a straight-channel low carbon steel mould which permits 
repeated use, and is easily and rapidly assembled. The ability 
of the metal to flow in the mould under a falling temperature 
gradient is measured. The test procedure consists of levelling 
the mould in front of the pouring furnace, measuring the 
metal temperature in the furnace immediately before 
pouring the test, and measuring the length of the poured 
metal in the fluidity channel. A diagram of the fluidity 
mould assembly is given and the results of tests on several 
steels are detailed.—t. E. w. 

New Experiences with Steels for Pressure Casting Dies. 
H. Hiller. (Giesserei, 1953, 40, Jan. 8, 16-24). The author 
has investigated the causes of hot cracks which he found are 
the predominant reasons for failure of pressure casting dies. 
The effects of shape of castings on die life are discussed. 
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Diagrams for the Individual Casting of Iron Piston Rings. 
C. Englisch. (Giesserei, 1952, 39, Dec. 11, 657-660). Pro- 
perties desired in piston rings may be attained by careful choice 
of metal composition and suitable superheating and pouring 
temperatures. The author shows how these data are ob- 
tained.—J. G. H. 

Ford’s Cleveland Foundry—Coremaking—Moulding—Melt- 
ing—Cleaning. (Foundry, 1953, 81, Mar., 138-187). A 
general description of Ford’s new Cleveland foundry is given, 
followed by detailed accounts of coremaking, moulding, 
melting, and cleaning of the castings. Full particulars of 
the foundry ventilating system which changes the air every 
10-12 min. are also given.—R. A. R. 

Meeting Competition with Good Cost Methods. A. E. 
Grover. (Foundry, 1952, 80, Dec., 102-103 ; 1953, 81, Jan., 
108-111, 229, 231). The author describes the procedure in 
the actual calculation of job costs and selling prices. The 
author warns against certain unreliable practices which can 
lead to errors in estimating casting costs.—L. E. w. 

Foundry Mechanized without Shutdown. (Canad. Metals, 
1952, 15, Dec., 28-30). This article describes the mechanized 
foundry practice of the Grinell Company of Canada Ltd. 
Melting capacity is 50 tons/day yielding 35 tons of good iron 
castings or 25 tons of good malleable castings.—s. c. B. 

A Fine Example of Mechanization in a French Foundry. 
(Fonderie, 1952, Nov., 3183-3190). The article describes the 
foundry for making special irons at Compagnie Générale 
d@’Electricité, Saint Jean de Braye.—R. s. 

The Steelworks and Foundries of Skhirat in Morocco. R. 
Sevin. (Echo Mines, 1952, May, 319-322). The 1-ton rotary 
tipping Blanchard melting furnace is described, and details 
of the modern foundry equipment are also briefly outlined. 

Harper’s Five-Year Progress. A. R. Parkes. (Foundry 
Trade J., 1952, 98, Oct. 16, 435-442). The plant of John 
Harper and Co., Ltd., Willenhall, producing electric-motor 
castings in six moulding machines, is described. One of the 
reasons for the good surface finish obtained is the carefully 
controlled pouring rate. The sand circuit is novel ; from a 
Sterling vibratory knock-out grid, it passes underground to a 
rotary discharge hopper, and then on an inclined belt past a 
magnetic separator to a screen, and thence to a hopper. 

A Foundry Faces the Future. (Amer. Foundryman, 1952, 
22, Oct., 36-40). This is a description of the foundry of the 
Wells Manufacturing Co., Illinois, where there are two cupolas, 
three indirect-are electric furnaces and one induction furnace. 
Large quantities of valves, valve lifters and valve seats are 
made. Covered 600-lb. ladles suspended from a monorail 
system carry the hot iron to the moulding bays. A feature 
is that the jolt-squeeze machines are on wheels and they move 
along the ridge-like heap of prepared sand.—Rk. A. R. 

Foundry Practice at the Winget Meehanite Foundry. D. F. 
Knight. (Machinery Lloyd, 1952, 24, Nov. 29, 59-70). The 
author describes modern trends in foundry control, and the 
methods, control system and products manufactured at the 
Winget Foundry. There are four classes of Meehanite irons 
used : General engineering, and heat, wear, and corrosion 
resisting irons. The general properties of these groups are 
given.—J. C. B. 

Modern Purdue University Foundry Built Around Sand 
Handling System. J. Mayer. (Amer. Foundryman, 1952, 
22, Oct., 79-80). The layout of this mechanized demon- 
stration foundry is described. The equipment includes a 
bucket elevator, conveyor belt, a 400-Ib. muiler, tramrail 
conveyor, four jolt-squeeze and other moulding machines. 
There are also various electric furnaces and one gas furnace, 
apart from the small cupola.—s. T. L. 

** Push-Button ”’ Control of Metal Composition Envisaged. 
(Foundry Trade J., 1953, 94, Jan. 29, 119-123). A descrip- 
tion is given of a continuous mechanical cupola charging 
system as installed at Croydon Foundry. The system is one 
of pendulum buckets, carrying at fixed centres portions of the 
charges on an endless chain conveyor from the stockyards at 
ground level up to and past the charging points of the cupolas. 
Automatic discharge of the buckets’ contents into the cupola 
shaft is arranged by a trip mechanism, when the bucket is 
opposite the open charging door, and the empty bucket 
proceeds back to the stockyard. Typical charge make-ups 
for the cupolas are given with corresponding bucket loadings. 

ractical Solutions to Production Problems Provided by 
Consulting Team. K.M. Smith. (Amer. Foundryman, 1952, 
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22, Oct., 56-59). The work of a team of experts sent from 
America to assist Italian foundries is described. A new sand 
mixture was devised to improve casting finish, and spat 
of a mould conveyor greatly increased productivity.—E. T. L. 

Solidification Rate of Cast Iron. (Foundry Trade J., 1953, 
94, Jan. 15, 59-62). A description is given of a pyrometric 
method developed by a sub-committee of the Inst. of British 
Foundrymen for investigating the solidification rate of cast 
iron. The method consists of placing thermocouples in the 
mould cavity, or moulding sand, or both, and recording the 
temperature changes from pouring until solidification. 
Diagrams of the layouts are given and solidification times are 
tabulated with reference to the type of sand and kind of 
mould. A comparison is made between the solification times 
of aluminium bronze and cast iron. The precautions neces- 
sary for reproducible results are dealt with. A theoretical 
method of comparing the chilling power of different mould 
materials is considered, based on the laws of heat transfer. 

Quality Control: It’s In the Reach of Small Foundries. W. J. 
Sommer. (Steel, 1952, 181, Nov. 17, 86-88 ; Foundry, 1952, 
80, Dec., 92-95, 265-268). The steps necessary for setting up 
a quality control programme are described.—D. L. C. P. 

Fettling of Mass-Production Castings. R. P. Hendricks. 
(Inst.- British Foundrymen : Foundry Trade J., 1953. 94, 
Jan. 1, 13-17). The author describes the order and technique 
of the use of pedestal grinders, swing-frame grinders, small 
pneumatic grinders, pneumatic chippers, and fettling by 
hand. He also discusses dressing grinding wheels and 
safety precautions, in particular against eye accidents. 

E. T..L. 

Impregnation Improves Casting Quality, Service Life. J. B. 
Cantwell. (Iron Age, 1952, 170, Sept. 18, 166-167). A 
method for casting impregnation using the vacuum pressure 
system is described. The sealing material used is a 500-mesh 
metallic flour in a carrier of sodium silicate. This mixture 
can stand higher temperatures than plastic fillers and has a 
melting point of 2000° F.—a. M. F. 

Impregnation Seals Porous Castings. ©. H. Knerr. (Metal 
Treating, 1952, 3, Sept.Oct., 4, 5). The use of a new 
synthetic liquid resin called Permafil is described. After 
holding under high vacuum to remove all air and moisture 
from the pores, the resin is admitted to the castings which 
are effectively sealed by it.—P. M. c. 

Band Friction Cutting Applied to Foundry Practice. H. J. 
Chamberland. (Foundry Trade J., 1952, 98, Oct. 23, 483- 
484). A major advantage is the low tool cost. The cutting 
rate may average two feet a minute through stainless steel, 
and the friction bandsaw is useful in trimming gates and risers, 
though there is a thickness limit of about 1 in. The friction 
band moves at up to 3 miles/min., and so carries away the 
heat of melting the cut, but it is found that drip lubrication 
prolongs tool life.—k. T. L. 

Strain Theory of Hot Tearing. W. S. Pellini. (Foundry, 
1952, 80, Nov., 124-133, 192, 199). Recent investigations at 
the Naval Research Laboratory (U.S.A.) demonstrate that hot 
tearing is due to liquid films through the material, existing at 
temperatures near the solidus temperature. Experiments 
were carried out on a lead-antimony alloy, on a copper- 
aluminium alloy, and on a steel with 0-33% carbon. It is 
pointed out that hot tearing is like weld notch extension 
cracking, since it is caused by the restraints to thermal expan- 
sion producing strains across parts which include the liquid 
films when at suitable temperatures.—£. T. L. 

Shrinkage and Piping. F. W. Stockmeyer. (Metall, 1953, 
7, Jan. 29-31). The author distinguishes between contrac- 
tion in the solid state and shrinkage, on the solidification of 
castings, and discusses the formation of pipe.—s. G. w. 

Further Examples of the Formation of Shrinkage Cavities. 
F. Roll. (Giesserei, 1953, 40, Jan. 22, 53-54). Nine pictures 
of examples of shrinkage cavities in iron castings are shown. 
These include malleable and grey castings of various cross 
sections, such as keys, chain links for a tractor, and gear teeth. 
Economic remedies are discussed.—Rk. J. W. 

Evolving Gases on Solidification of Molten Cast Iron. I. On 
Electric Cast Iron. M. Nakano. (Waseda Univ., Rep. 
Casting Res. Lab., 1950, Jan., 13-16). [In English]. The 
evolution of gas on solidification of cast irons melted in the 
Héroult are furnace has been followed. Low fluidity and 
high shrinkage is attributed to hydrogen, which can be 
reduced by drying of the furnace and charge, and control of 
the atmosphere. Variations of CO, CO,, and other gases with 
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temperature, metal composition, and ease of casting are also 
discussed.—k. E. J. 

On Surface Figures of Molten Cast Iron. I. litaka and K. 
Abe. (Waseda Univ., Rep. Casting Res. Lab., 1950, Jan., 
1-3). [In English]. Patterns of cracks formed during cooling 
in the oxide film on cast iron are classified in five types. The 
nature of the phenomenon is not understood clearly, but it can 
be a guide to metal properties. The influence of slag addi- 
tions, remelting, and melting practice on the patterns has 
been investigated.—kx. E. J. 

Investigation of Casting (8th Report). Metal Flow in Horizon- 
tal ae Mould. G. Ohira. (N — Kinzoku 
Gakkai-Si, 1952, 16, July, 410-412). [In Japanese]. The 
flow of metal was determined with time for several types of 
horizontal mould (7.e., with square or oblong section, various 
sprue arrangements, and various central runners).—k. E. J. 

The Laboratories of the Technical Centre for the Foundry 
Industries at Sévres. R. Sevin. (Echo Mines, 1952, Dec., 
789-792). An account is given of the layout and equipment 
of new laboratories — in June 1952 to serve the French 
foundry industry.—?. E. 

Three Ways to Control ‘Fomiy Dust: Isolation—Substitu- 
tion—Wetting Agents. H.G. Meiter. (Amer. Foundryman, 
1952, 22, Dec., 53-54). 

Forms for the Establishment of Good Maintenance in 
Foundries. (Gjuteriet, 1953, 48, Jan., 13-19). [In Swedish]. 

Fa Steps Lead to Successful Foundry Safety Program. 

N. Davis. (Amer. Foundryman, 1952, 22, Oct., 42-44). 
In the first quarter of 1952 the steel industry had 4-6 lost- 
time accidents per million man hours worked, which is 
appreciably better than the figures for grey-iron foundries 
(29-6), and steel foundries (27-6). Most of the accidents 
(85%) are due to people and not to machines. Steps to take 
are outlined, and mention is made of the ee Foundry- 
men’s Society’s safety training scheme.—. T. 

Making the Foundry Safe for Top Production. S. C. Her- 
bine. (Foundry, 1952, 80, Nov., 120-123, 277-279). In 
American foundries there were in 1950 13-2 lost-time accidents 
for each million man-hours worked, as against 9-3 for 40 
other basic industries. The author describes the accident 
prevention scheme at Birdsboro Steel Foundry and Machine 
Co., Pa., involving the issue of proper safety equipment and 
then education.—®. T. L. 

External Dust Control for a Pedestal Grinder. Part I. 
External Extraction System. W.H. White. Part II.—Dust 
Observations and Determinations. W. B. Lawrie. (Inst. 
Brit. Foundrymen : Foundry Trade J., 1952, 98, Dec. 4, 641- 
645 ; Dec. 11, 673-682). 

Works of the German Art Iron Worker Fritz Kiihn. \W. 
Nagel. (Ossature Métallique, 1952, 17, Apr., 181-185). Tnis 
is an illustrated description of some artistic wrought iron 
work by the contemporary artist F. Kiihn, based on his books 
“* Geschmiedetes Eisen”? and ‘*Sehen und Gestalten—Natur 
und Menschenwerk.’’—». F. 


HEATING FURNACES AND SOAKING PITS 


Automaton Cuts Forging Costs, Improves Quality. EE. G. 
Coriolis and J. D. Nesbitt. (Iron Age, 1952, 170, Nov. 27, 
106-109). The applications of high speed heating and auto- 
matic materials handling in the forging industry are discussed. 
Furnaces in use are of the barrel and split-barrel type with 
single nozzle burners, and slot type with impact line burners. 
With these types of high speed furnace only 2} to 3 min. per 
inch of section is required to raise the temperature to forging 
level. Hopper feeds and gravity discharge to the forging 
machines increase production and reduce manpower.—A. M. F. 

Heat Transfer on the Surface of a Flat Plate in the Forced 
Flow. 5S. ye and T. Sato. (Mem. Fac. Eng. Kyoto 
Univ., 1952, 14, Jan., 21-37). [In English]. Theoretical 
and experime ntal studie s are reported. In a range of Rey- 
nold’s numbers above a certain minimum, a particular turbu- 
lent boundary layer, influenced by the surface roughness, is 
formed : here the local heat transfer coefficient is independent 
of position, its value reaching a maximum when the surface 
roughness height /pitch is 0-055.—kK. E. J. 

HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Heat Treating. (Steel, 1953, 182, Jan. 5, 298-314). 
American heat-treatment techniques are reported to be 
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keeping pace with requirements. Mechanization and auto- 
matic control are reducing costs in large scale production. 
Experience has been gained in treatment of boron steels. 


Salt baths are finding many applications including heating of 


alloy and stainless steel billets. The ‘Carbitrol’ control 
system allows dial setting of furnace atmosphere composition. 

Isothermal Treatments of Steels. ©. Chaussin. (Mét. 
Constr. Mécan., 1952, 84, Sept., 631-639). A general review 
is given of theories on the decomposition of austenite. The 
practical application of S-curves is explained.—R. s. 

Metallic Conductors and Elements for High Temperature 
Furnaces. R. Czepek. (Llektrowdrme Techn., 1952, 3, Oct., 
101-107). The use of Ni-Cr and Cr—A!—Fe wires and tubes as 
heating elements in industrial furnaces operating at tem- 
peratures up to 1350° C. is considered and the principles of 
furnace design are discussed.—P. F. 

Centralised Heat-Treatment Equipment for Mining Gear. 
C. P. MacCarthy. (J. South Wales Inst. Eng., Advance Copy, 
Feb. 19, 1953). Recently several centralized heat-treatment 
plants have been set up by the National Coal Board for treat- 
ment of cage suspension gear and other mining equipment. 
The operation and administration of these are described. 
Equipment includes bogie, charger, rotary-hearth and salt -bath 
furnaces, aencoaggd temperature control, and magnetic crack 
detectors.—kK. E. 

Why We Now ‘Make Better Stainless Steels. J. J. Heger. 
(Machinist, 1952, 96, Dec. 13, 2029-2032). Selection and 
heat-treatment of stainless steels have been simplified by 
advances in steel melting practice and improved knowledge 
of heat-treatment. Stabilized stainless steels, the extrusion 
of tubes and bars from carbon steel alloy and stainless steel, 
stress relief, the production of small orders, and working 
stresses are considered.—F. C. Ss. 

How to Maintain Heat-Treating Equipment. T. A. Frisch- 
mann. (Machinist, 1952, 96, Dec. 27, 2101-2112). The 
scheduling of inspections and repairs, and furnace mainten- 
ance are described.—Rk. A. R. 

The Application of Radioactive Isotopes in Metallurgy. 
J. Kotrba. (Hutnické Listy, 1952, 7, 6, 291-294). [In 
Czech]. Data are given on the use of radioactive materials in 
research and production control. The examples discussed 
include : (1) The introduction of C' into heat-treating atmos- 
pheres for steel to check the migration of carbon from gas to 
metal ; (2) the use of radioactive phosphorus, calcium, titan- 
ium, and manganese for studying the distribution of these 
elements in slag—steel systems ; (3) the use of Co® for mea- 
suring the wear of blast-furnace linings while in operation ; 
and (5) the use of thalium2"! as a source of radiation to mea- 
sure the thickness of steel sheet in rolling mills.—r. Fr. 

Distortion: It Can be Minimized in Heat Treating. A. L. 
Pranses. (Steel, 1953, 182, Jan. 26, 70-72). Distortion 
during heat-treatment may be due to bending, creep, residual 
stresses, anisotropic growth or differential transformation. 
Experiments on an air-hardening steel are —— which 
suggest means of minimizing distortion.—D. L. ¢. P. 

“* Sulfinuz ” Treatment to Reduce Frictional Wear. (Rev. 
Gén. Méc., 1952, 36, Nov., 351-353). This process has been 
described as ‘ sulphur case hardening.’ A low-melting-point 
molten salt bath is used at about 560° C. The effects on and 
below the surface are described in detail in relation to steel 
and cast iron. Mild steel bars after Sulfinuz treatment 
showed twelve times the wear resistance of case-hardened 
bars. Applications of the treatment to pistons, cylinder 
liners, and pinions are illustrated.—R. s. 

Abnormal Structures in Steels. 8. S. Bhatnagar and B. R. 
Nijhawan. (Metal Market Rev., 1952, 5, Oct. 27, 13-16). 
Some steels harden uniformly after pack carburizing and tem- 
pering whilst others fail to do so and develop ‘ soft spots’ ; 
such steels are abnormal. The classification of these steels is 
based on examination of the characteristic structures devel- 
oped in the hypereutectoid zone following pack carburizing 
and slow cooling. Abnormal behaviour is caused by an 
extremely high rate of precipitation of cementite on active 
cementitic nuclei. Theories to account for this effect are 
discussed. (29 references).—B. G. B. 

Metallurgical Study of Induction Surface Hardening (2nd 
Report). The Effects of Tempering at Low Temperature. 
Y. Mitani. (Nippon Kinzoku Gakkai-Si, 1952, 16, July 401- 
404). [In Japanese]. Consideration is given to the following 
phenomena : Low-temperature tempering, after quenching, is 
used with carburized steels to decrease internal stress, yet 
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with induction hardened steels, the hardness is considerably 
decreased by this treatment. However, with induction- 
hardened sorbitic steels, the hardness change was nearly the 
same as with conventional quenched steels.—k. E. J. 

Wild-Barfield Duplex Universal Induction Heating Equip- 
ment. (Machinery, 1953, 82, Jan. 9, 61-62). Equipment, 
designed by Wild-Barfield Electric Furnaces, Ltd. for the 
hardening of a wide variety of small parts such as pinions, 
gears, spigots, and shafts is described.—k. c. s. 

A Study of the Nitriding of Steels. L. R. Felipe. (Inst. 
Hierro Acero, 1952, 5, Oct.—Dec., 1159-1169). [In Spanish}. 
The Fe-N diagram is discussed. Special attention is paid 
to the determination of hardness in nitrided layers. The 
main factors in the nitriding process are reviewed and the 
nitriding of some spec - steels is discussed.—R. s. 

Carbonitriding. D. Dovey and K. C. Randle. (Metal 
Treatment and Drop Ford. 1952, 19, Dec., 511-518 ; 1953, 20, 
Jan., 11-14). A survey of the technique of carbonitriding, 
and the influence of various controlling factors are discussed. 
The principles of salt-bath cyaniding and gas carbonitriding, 
the effects of gas composition, time, and temperature, and 
the heat-treatment of carbontrided cases are described. 
Various atmospheres and types of generators and some special 
furnaces are discussed.—P. M. C. 

Fast Gas Furnace Anneals at Normalizing Temperatures. 

A. Turner, jun., and 8S. L. Yarborough. (Jron Age, 1952, 
170, Nov. 20, 140-144). A new annealing method applied 
between cold forming operations of drawing and tapering 
a mortar shell 81 mm. in dia. involves fast heating with 
radiant gas at temperatures above the critical instead of slow 
heating in salt below the critical. This has reduced the 
heating time from | hr.to 2 min. Pearlite colonies are smaller 
and more evenly distributed.—a. M. F. 

Automatic Heat-Treating Speeds Gear and Pinion Production. 
H. Chase. (Iron Age, 1952, 170, Nov. 20, 128-130). A new 
heating and quenching installation for pinion and shaft units 
at the General Motors Corp. is described. After a heating 
cycle of 94 hr., the pinions are oil-quenched while rotating at 
300 r.p.m. This quenching operation is fully automatic and 
effectively straightens the pinion.—a. M. F. 


FORGING, STAMPING, DRAWING, AND PRESSING 


New Application of Old Principle Simplifies Forging. (Canad. 
Metals, 1952, 15, Dec., 50-51). A short description of the 
electro-forge electrical resistance heating method is given. 
Advantages of the method are enumerated.—J. Cc. B. 

Forming. (Steel, 1953, 182, Jan. 5, 368-384). Many 
advances in this field are reported from America, and mecha- 
nization and automatic control are being more widely intro- 
duced. One of the 17 giant presses now being constructed is 
for steel. The cold extrusion process for steel forgings is 
being refined and developed. The Ugine-Sejournet process, 
using glass as a lubricant, is applied for hot extrusion. 

New Automatic Unit Makes Drop Forgings in Mid Air. 
(Iron Age, 1952, 170, Nov. 13, 155-157). A new automatic 
forging machine, in which the stock is held in mid-air and is 
struck horizontally from opposite directions, is being em- 
ployed in the manufacture of turbine blades. More uniform 
working of the metal is achieved, die wear is reduced because 
the dies are only in contact for very short periods and hence 
keep cooler, less energy is required and there is less vibra- 
tion.—A. M. F. 

wry Works in Two Directions. (Séee/, 1953, 182, Feb. 
122-124). A hydraulic press for cupping and eto 
énecntions, in which the horizontal ram works at both ends 
of the stroke, is advocated as it eliminates the idle return 
stroke, and has constructional advantages.—D. L. C. P. 

Manufacture of Large Crankshafts: Method of Production 
of Diesel Crankshafts in France. M. Dehaine. (Jron Coal 
Trades Rev., 1953, 166, Jan. 30, 267-268). A brief outline is 
given of the manufacture and method of composite assembly 
of large Diesel engine crankshafts at the Compagnie de Fives- 
Lille, France. The two webs and pin are machined from one 
slab, after bending to a U-shape, trepanning, and profiling by 
oxy-acetylene torch.—e. F. 

Floating Foundations Cut Hammer Damage. (Steel, 1953, 
182, Feb. 9, 98-100). Coiled steel springs are being used to 
float the 138,000-lb. foundations of two forging machines 
which can exert over 100,000 lb. with each blow. The vibra- 
tion adsorption gives longer building and equipment life and 
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less operator fatigue. The installation is carefully designed 
with regard to inertia and resonance effects.—D. L. C. P. 

Machine Foundations—Prevention of Ground Vibration. 
R. Hammond. (Iron Steel, 1953, 26, Feb., 51-55). See 
‘ Heavy Machine Foundations’, J. Iron Steel Inst., 1953, 178, 
Apr., 444. 

Quantity Production of Motor Car Connecting-Rods. 
(Machinery, 1953, 82, Feb. 27, 383-391). For the production 
of the new six-cylinder engine, at the Cleveland, Ohio, plant 
of the Ford Motor Co., many improved manufacturing tech- 
niques have been adopted, and work-handling has been 
reduced to a minimum by the use of automatic transfer equip- 
ment, much of which is described.—®. c. s. 

Latest yf remy in Press Automation at Ford. M. J. 
Rowan. (Machinist, 1953, 97, Jan. 24, 133-142). At Ford’s 
new Buffalo stamping plant, ‘automation’ (automatic 
mechanized handling of material into, out of, and between 
presses) eliminates many manual loading, unloading, and 
positioning operations, and increases safety. The system is 
described.—k. ¢. Ss. 

Continuous Heating, Press Forging and Heat-Treating of 
Automobile Crankshafts. (Indust. Heating, 1952, 19, Nov., 
2042-2058, 2184 ; Dec., 2246-2258). The production of auto- 
mobile crankshafts by a continuous press-forging process is 
described. Steel billets are automatically delivered at the 
proper forging temperature to a 6000-ton forging press, 
capable of 35 strokes/min. The forgings are treated in 
automatic heat-treating and tempering furnaces in which 
they are suspended vertically throughout the processes of 
heating, quenching, and tempering.—B. G. B. 

Scale on Steel. D. H. Lee-Bird. (Metal Treatment and 
Drop Forg., 1952, 19, Dec., 533-536, 539). The author 
reviews the subject of scale formation and its minimization, 
with particular reference to drop forging. Scaling tests are 
described, in which the loss of steel was 1-14°, for pieces up 
to 8 lb. heated at 1200° C. for 6-9 min. The adverse effects 
of scale on furnace bottoms and on the life of forging dies are 
discussed, and mechanical and high pressure water descaling 
methods are described. The economics of high-frequency 
heating are briefly reviewed.—P. M. c. 

Articulated Grippers. (Aircraft Prod., 1953, 15, Feb., 65-67). 
Hydraulically-operated and independently-adjustable  seg- 
mental gripper-jaws, called Hydra-Curve jaws, for use with 
the Hufford stretch-wrap forming machine, are briefly 
described. Pee of stock is significantly reduced by their 
use.—T. I 

Seance Rod Steels. (Aciers Fins Spec. Frang., 1952, Mar., 
71-73). The production of rams for drop forging hammers 
and the causes and avoidance of their premature failure are 
discussed.—. C. Ss. 

Rotational Cold-Working. F. Havlik. (Strojirenstvf, 1953, 
8, 1, 40-45). [In Czech]. Cold forging of tools by a rotary, 





lathe-type, forging machine is described. The advantages of 


the method, particularly in mass production, are discussed. 

Prolonged the Life of Forging Dies and Press Tools by Cold 
Working with Steel Balls. V.N. Fredov and A. I. Zajceva. 
(Avtomobilnaja i Traktornaja Promyslennost, 1952, 4, 4; 
Strojirenstvi, 1953, 8, 1, 45-48). [In Czech]. 

75,000-Ton Throatless Forging Press Being Planned for 
Future Planes. R. LeGrand. (Machinist, 1953, 97, Feb. 14 
262-264). Details are given of a proposed huge press of 
novel design, the main purpose being to eliminate tie rods and 
to have full 360° accessibility to the dies. This throatless 
press will consist of a monolithic concrete structure 180 ft. 
high, with 30 ft. below ground, which will enclose the press 
room, the latter being 52 ft. high and 120 ft. long. The weight 
of the thick ‘roof’ plus side sections, press head, cylinders 
and other machinery will overbalance the forging pressure 
of 75,000 tons.—R. A. R. 

Control Valves for Direct-Hydraulic Presses. F. H. Towler 
and J. M. Towler. (Inst. Mech. Eng. : Engineer, 1953, 195, 
Jan. 23, 141-143; Machinery, 1953 82, Feb. 6, 256-265). 
On 1000-Ton High-Speed Forging Press All-Hydraulic — 
System Replaces Electrical Gear. (Machinist, 1953, 97, Jan. 
24, 149, 152-155). Advantages of direct hydraulic contend 
over electrohydraulic systems are explained.—®. c. s. 

Colloidal Graphite and Metal Forming. (Canad. Metals, 
1952, 15, Dec., 52-54). The properties that make colloidal 
graphite so useful are excellent lubrication, high thermal and 
electrical conductivity, resistance to very high temperatures, 
and exceptional chemical stability towards most reagents. 
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Its preparation from the naturally occurring sources and the 
production of electrographite are mentioned. Operations for 
which colloidal graphite is used include die casting, forging, 
drawing and extrusion, and piercing and cutting.—4J. Cc. B. 

Hydroforming Facilitates the Production of an Intricate Jet- 
a Unit Component. J. H. Lareau. (Machinery. 
1953, 82, Jan. 23, 150-153). The production of fuel nozzle 
swirl-cups for jet propulsion units from heat-resistant stain- 
less steel at Pratt and Whitney Aircraft Division of United 
Aircraft Corp. is described. After rough-forming, the blank 
is pressed by a flexible diaphragm operated by high pressure 
oil against a shaped punch. In the final process the holes 
are made by restriking.—R. A. R. 

Unusual Aircraft Components Produced by Stretch Forming. 
T. A. Dickinson. (Sheet Metal Ind., 1953, 30, Feb., 115-115). 
A description is given of new methods and equipment used by 
North American Aviation, Inc., California. The main feature 
is the use of Kindelberger jaws, specially designed to grip t} 


edges of steel sheet during stretch-forming operations. Thi 
jaws, which are assemblies of small jaw segments whose con- 
figurations can be varied in accordance with the contours ot 
a stretch die, have made the process very versatile.—P. M. €. 


The Theory of Tube Producing Methods. E. J. Ripling 
(Amer. Inst. Min. Met. Eng., Symposiun ejector pie 4, 1951, 


‘Tube Producing Practice,’ 1-16). The nost common 1 
thods of manufacturing tubes are auaaied in det 
Plastic forming methods are the only ones considered. The 
theories of the various methods are considered in order 


describe the effect of the different variables involved in each. 
The Metallurgical Factors Affecting the a be Seam- 


less Pipe. J. W. Schroeder. (Amer. Inst. Min. on Je 
Symposium Series, Vol. 4, 1951, ** Tube Producing > ractic 
97-68). Important metallurgical factors involved in the 


production of seamless pipe are discussed. Seamless pipe is, 
in general, more economically produced if a fully deoxidized 
steel is employed. External defects are controlled mainly 
by proper pouring practice and surface conditioning of th 
steel. Internal defects, to a large degree, are controlled by 
the amount of ingot cropped off and the pouring practice. 
Open-hearth, Bessemer, and electric furnace steels can all be 
pierced if a suitable steelmaking practice is employed. 

Automatic Bar Pointer Improves Spring Production. W. ‘ 
Patton. (Iron Age, 1952, 170, Nov. 27, 120-122). Auto- 
matic bar handling and feeding device to a pointing machine 
at the Chrysler works is described. The feeder can handle up 
to 400 bars/hr. and position them accurately to allow width 
and thickness tolerances on the point to be maintained to 
within 0-015 and 0-005 in. respectively.—aA. M. F. 

Hot Extrusion of Steel. (Aciers Fins Spec. Frang., 1952, 
Mar., 49-50). The hot extrusion process for steel developed 
by Comptoir Industrial d’Etirage et Profilage des Métaux and 
the Ugine Company is described.—R. A. R. 

Deep Drawing of Large Sheetmetal Components. H. L. 
Hilbert. (Z.V.d.J., 1952, 94, Sept. 1, 817-823). The different 
processes of pressing car bodies are described and illustrated, 
materials and their desirable properties are indicated, and 
some problems of tool design discussed.—J. G. W. 

Improved Lime Bath Performance by Recirculation. J. Y. 
Heisler. (Wire and Wire Prod., 1952, 27, Nov., 1185-1157, 
1235). An account is given of an investigation by the 
Bethelem Steel Co. which led to a notable improvement in the 
lime baths used in wire drawing. Full particulars are given of 
the preparation of the bath. The greatest improvement was 
attained by using a bath with continuous recirculation. The 
author suggests that improved ee is the outcome of 
reduction in particle size.—J. G. 

Can Quality Control be Used in the Wire Mill? H. H. 
Passolt. (Wire and Wire Prod., 1952, 27, Oct., 1062-1063, 
1121-1122). Quality Control is advocated, its use being 
illustrated by a hypothetical case of off-gauge wire.—J. G. W. 

The ne of Weaving Wire. A.S. Knapp. (Wire and 
Wire Prod., 1952, 27, Oct., 1041-1042, 1123). Some parti- 
culars are given of process and installations for the drawing 
of weaving wire.—J. G. W. 

Coil Handling Cost-Cutter. (Steel, 1952, 181, Dec. 15, 12%). 
By replacing the standard forks on 4000- ars lift true ‘ee by a 
collapsible ram, improved handling of wire coils was found 
possible.—p. L. C. P. 

What Are the Differences in Wire Drawing Lubricants ? 
L. Salz. (Wire and Wire Prod., 1952, 27, Nov., L1S0-1154). 
The so of wire drawing Mersin is explained, the 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








280 


various types are enumerated, typical compositions are quoted, 
and examples are given, where small changes in composition 
affecting alkalinity and the like, make the difference between 
success and failure.—s. G. w. 

A.C.S.R. Wire. F. E. Weise. (Wire and Wire Prod., 
1952, 27, Oct., 1023-1026, 1130-1131). Particulars are given 
of the production of high tensile galvanized steel wire as 
reinforcing core for aluminium conductors. 0-50-0-75% 
carbon steel lead-patented, borax-coated rod is bright drawn, 
strand-annealed in lead, and finish galvanized.—. G. w. 


ROLLING-MILL PRACTICE 


Steel Rolling Mill for Western Australia. (Hngineer, 1953, 195, 
Feb. 27, 310). Steel Mill for West Australia. (Times Rev. 
Ind., 1953, 7, Mar., 85). The establishment of asteel mill on the 
banks of Cockburn Sound, W. Australia, by Broken Hill Pty. 
is described. Steel billets will be supplied from Newcastle and 
Port Kemble, N.S.W. Rolling equipment includes an 18-in. 
three-high break-down mill, a 12-in. roughing mill and a 12-in. 
finishing mill.—t. £. D. 

Rolls and Rolling—Rails. E. E. Brayshaw. (Blast Furn. 
Steel Plant, 1952, 40, Nov. 1311-1318 ; 1953, 41, Jan., 69-74). 
Continuation of a series of articles (see J. Iron Steel Inst., 
1952, 171, July, 328). The author reviews in detail the rolling 
of rail sections. A number of different designs of roll pass 
are described and the operating characteristics of each are 
discussed. The slab and edging method is now used almost 
exclusively but there are variations in the number of passes 
required to produce the finished rail.—s. G. B. 

Electrical Developments in 1952. W. E. Miller. (Blast 
Furn. Steel Plant, 1953, 41, Jan., 63-68). Several examples 
of electrical equipment installed in steelworks in 1952 are 
described. The equipment considered is for reversing, bloom- 
ing, and slabbing mills, hot strip mills, tandem cold strip 
mills, reversing cold strip mills, and temper mills.—n. G. B. 

The Economic Importance of a Fully Continuous Mill Train 
for Rolling Semi-finished Steel Products. H. Weiss. (Stahl u. 
Eisen, 1953, 78, Feb. 26, 272-278). The results from a three- 
stand three-high mill train and from a fully continuous ten- 
stand tandem mill have been compared to determine the 
economic advantages of the continuous over the open mill. 
The former is much superior in output and operating costs, a 
lower power consumption contributing notably to this result. 

The New 42-inch Slabbing Mill at Shotton. J. F. R. Jones. 
(Brit. Iron Steel Res. Assoc. Conf. on the Design of Rolling 
Mills, June, 1951, 3-10). Details of this new mill are given. 
The screwdown gear is supplied with two 150-h.p. motors 
giving a screwdown speed of 250 in./min. The mill itself uses 
an already existing steam engine drive, of 4000 h.p. (nominal) 
at 55 r.p.m. and 5300 h.p. max. at 105 r.p.m., which has proved 
extremely satisfactory. A novel form of tilting gear has been 
installed and details of the operation are given. The upcut- 
ting shear is capable of cutting slabs 55 in. wide x 5 in. thick. 

New Blooming and Billet Mill at the Normanby Park Steel 
Works of John Lysaght’s Scunthorpe Works Ltd. J. A. 
Peacock. (Brit. Iron Steel Res. Assoc. Conf. on the Design of 
Rolling Mills, June, 1951, 11-22). The intended ingot capa- 
city of this mill is 10,500 tons/week rolled into sheet bar, 
billets, and slabs from 4-ton ingots. The new mill consists 
of a 42 in. x 8 ft. 6 in. blooming mill and a six-stand 19 in. 
continuous billet and sheet bar mill, both electrically driven. 
Details of this mill and of the associated electrical and mechan- 
ical equipment are given.—B. G. B. 

The Rod and Bar Mill at Guest Keen and Nettlefolds South) 
Wales) Ltd. Cardiff. G. A. Phipps. (Brit. Iron Steel Res. 
Assoc. Conf. on The Design of Rolling Mills, June, 1951, 23-33). 
This mill was designed to meet the demand for steel free from 
rolling and surface defects and also when rolling sizes between 
4/0 G and 1 in. india. The main items of mechanical equip- 
ment comprise billet skids, billet discard and furnace charging 
conveyor, furnace charging buggy, furnace crosspusher, 
furnace, furnace push-out switchplate and pinch rolls, an 
11-stand roughing train, rotary disc shear, 2-stand intermediate 
train, 4-stand looping train with the repeaters and snap shears, 
6-stand rod finishing train.—n. G. B. 

The Light Section Mill at the Darlington Works of the 
Darlington and Simpson Rolling Mill Co. Ltd. W. French. 
(Brit. Iron Steel Res. Assoc. Conf. on The Design of Rolling 
Mills, June, 1951, 34-43). This mill produces mainly stan- 
dard metal window sections ; it is of the conventional cross- 
country type and has a scheduled output of 75 tons/shift. 
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The roughing mill consists of two 16-in. three-high stands. 
The intermediate train consists of two three-high and one 
two-high stand with rolls 123 in. in dia. and 30 in. long. The 
finishing mill comprises two two-high stands. Details are 
also given of the universal spindles, bearings, lubrication, 
screwdowns, water supply, and scale and scrap disposal. 

New Installation for the Cold Reduction of Silicon-Steel and 
Stainless-Steel Strip. A. McLeod. (Sheet Metal Ind., 1953, 
30, Feb., 93-104). The author gives full details and illustra- 
tions of the plant and methods used in the production of 
silicon steel and stainless steel strip at the Panteg Works of 
Richard Thomas and Baldwins Ltd.—?. m. c. 

Uses of Electrical Resistance Gauges in Metal Forming and 
Machine Shops. (Z.V.d.I., 1952, 94, Sept. 1,824). Examples 
are quoted where strain gauge measurements may be put to 
practical use to determine rolling and pressing loads, stressing 
of cold heading and cutting tools, and bolt and nut tightening 
torques.—J. G. Ww. 

Better Lubrication Boosts Production. A.D. Binz. (Steel, 
1953, 182, Jan. 26, 88-92). The benefit resulting from the 
use of a lithium-base grease at many points in a hot strip mill 
are described.—D. L. Cc. P. 

A Graphical Analysis of Power Consumption in Continuous 
Cold-Reduction Mills. J. H. Mort. (Sheet Metal Ind., 1953, 
30, Jan., 57-72). The article deals with general methods and 
equations for plotting power curves, the effect of cold reduc- 
tion on tensile strength, energy expenditure formule, tension 
formule, energy-displacement formule, the relation of dis- 
placement to elongation, energy-displacement curves, speed 
and attenuation schedules, and separating force. The applica- 
tion of these formule, and the use of graphical solutions are 
outlined.—pP. M. c. 

Special Machine Improves Stainless Roll Finish. (Sveel, 
1952, 181, Dec. 22, 66-67, 83). Final grinding of mill rolls 
for use on stainless steel has been improved by the super- 
finishing process, for which completely automatic machines 
have been developed. Advantages reported are : Reduction 
in machine cycle time ; more production per roll ; and reduc- 
tion in buffing requirements of the sheets produced. The 
area contact of the superfinishing stones gives improved roll 
surface.—D. L. C. P. 

Powerful Giant Will Reduce 18-Inch Tubes. G. B. Brown. 
(Steel, 1953, 182, Feb. 9, 90-91). A description is given of the 
world’s largest cold reduction machine for producing thin- 
walled precision seamless tube, now being built in America. 
It will produce tubes from 10 to 17 in. in dia. with wall thick- 
nesses up to 0:2 in.—D. L. c. P. 


MACHINERY FOR IRON AND STEEL PLANT 


Gas Turbines and Their Fields of Application. W. Karrer. 
(Stahl u. Eisen, 1952, 72, July 17, 885-892). Gas turbine 
cycles in use today are briefly reviewed and illustrated by 
examples of Swiss manufacture. The main characteristics of 
the components of gas turbine plants are described. The 
application of gas turbines to blast and open-hearth furnaces 
for the production of electricity and hot compressed air can 
bring about marked economies.—J. P. 

Elimination of Defects in Metallurgical Plant. J. 8. Caswell. 
(Swansea and District Met. Soc.: Iron Steel Inst. Special 
Report 48, 1953, 7-15). Interrupted production in the metal- 
lurgical industries is often brought about by unnoticed plant 
defects. Some of these are not easily discovered, but many 
could be avoided under properly controlled conditions. The 
chief factors contributing towards the realization of these 
conditions are discussed under the following headings: (1) 
Correct and efficient design of plant and machine parts ; (2) 
methods of experimental stress analysis ; (3) plant manufact- 
ure and erection ; and (4) operatives and plant operation. 


LUBRICANTS AND LUBRICATION 


Use of Isotopes in the Study of Wear and Lubrication. M. 
Ezran. (Rev. Gén. Mécan., 1953, 37, Jan., 22-26). Dis- 
advantages of normal methods of measuring wear are stated. 
The use of isotopes in studying wear of pistons and cutting 
tools, and in the study of the corrosion properties of lubricating 
oils in bearings is reviewed.—R. s. 

Polarity and Film Strength of Lubricating Oils. A. Dierichs 
and K. Thieme. (Technik, 1952, 7, Nov., 663-666). The 
structure of organic molecules and the polarity of some 
organic molecules are explained. The effect of polarity on 
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association of molecules and their orientation in electric fields 
is described. The film strength of lubricants is a function of 
physical adsorption on sliding surface and adhesion between 
neighbouring lubricant molecules.—s. G. w. 

Lubrication. (Steel, 1953, 182, Jan. 5, 442-448). Modern 
methods of lubrication are reviewed. Multi-purpose greases, 
centralized systems, pre-lubricating coatings, oil mist huibrica- 
tion, and cutting fluids are dealt with.—p. L. c. Pp. 

Methods and Applications of Lubrication of Machinery. 
J. Prévost. (Verne Nouvelle, 1952 8, Mar. 6, 27-30 ; Mar. 20, 
25-29 ; Apr. 3, 2% oy ; May 22, 27-29 ; June 12, 29-30 ; June 
19, 29-30 ; Aug. 7, 29-43 ; Aug. 14, 23-25 ; Sept. ‘ 29-30, 
47 ; Sept. 18, 47-51 ; Oct. 23, 45-47 ; 1953, 9, Jan. 1, 23-27 ; 
Jan. 8, 27-30 ; Jan. 15, 25-29). A general - aaa of the 
laws of friction and of types of friction between moving 
surfaces is presented. Available lubricants are mentioned 
with their methods of application. The general properties of 
lubricants, including vegetable and mineral oils, greases, and 
silicones are surveyed. Testing procedures and methods of 
assessing their physical and physicochemical properties are 
outlined. Solubility of oils and their thermal properties are 
fully reviewed, and the importance of flash-point, inflam- 
mability limits, and volatility are emphasized. Occurrence, 
refining, and chemical properties are outlined, and standard 
tests are given. Special greases recently developed, including 
aluminium and barium greases, are mentioned. Cutting oils 
for machining various metals and alloys are listed, and the 
choice of suitable oils is explained. Research on the stabiliz- 
ing of emulsions, and tests on corrosion are outlined. The 
use of additives to lubricants to modify viscosity is men- 
tioned, and also stabilizers, detergents, and anti-oxidants. 
The economic limits of such additions are discussed. 

Bearings and Lubrication—Plain Bearings. G. Boested. 
(Tekn. Tidskr., 1952, 82, Dec. 30, 1109-1112). [In Swedish]. 
Formule, for calculating bearing load and friction in _ 
thrust, and other types of journal bearings are set out.—G. G 

Rolling Bearings. A. Palmgren. (Jekn. Tidskr., 1952, 89, 
Dec., 1112-1114). [In Swedish]. Details of energy losses, 
maximum speeds, and fatigue in roller bearings are followed 
by an outline of a new formula for determining friction. 

Surface-Chemical Aspects of Bearings. U. ‘Tragardh. 
(Tekn. Tidskr., 1952, 82, Dec. 30, 1114-1116). [In Swedish]. 
Using a survey of published information, the author gives an 
account of interface friction between metals leading to the 
phenomenon of local welding, due to the minute areas of 
actual contact on two so-called plane surfaces. The object 
of lubrication, to hinder such point-welding on sliding surfaces, 
is described.—e. G. K. 

Lubricants. B. Knutson. (Tekn. Tidskr., 1952, 82, Dec. 
30, 1116-1118). [In Swedish]. <A brief review of lubricants 
and their applications lists additives for low-temperature 
operation, corrosion inhibition, prevention of oxidation, and 
for improving viscosity.—G. G. K. 

Oil Mist Tames Tinning Problems. (Séee/, 1953, 182, Jan. 
12, 80-82). ‘Oil Mist’ lubrication installations on two 
electrolytic tinning lines are described and reported to give 
excellent results, with advantages over grease-gun lubrication. 
Other applications are mentioned.—D. L. ¢. P. 


WELDING AND FLAME-CUTTING 


Experiments on the Properties and Uses of Heat-Resisting 
Ferritic-Austenitic Arc-Welding Electrodes. J. P. Kienberger. 
(Sheet Metal Ind., 1953, 80, Jan., 23-48, 72). A very detailed 
investigation was undertaken to decide whether the present 
use of electrodes of similar composition to the steel to be 
welded is a good one. The basic material to be welded was a 
heat-resisting ferritic-austenitic steel (0-239 C, 0-79% Si, 
0-65% Mn, 23-5% Cr, and 2-98°, Ni). Nineteen different 
electrodes were tested, containing approximately 24°, chro- 
mium each, and varying amounts of carbon, silicon, mangan- 
ese, nickel, and nitrogen. The coating of the electrodes was 
made up of 49°, fluorspar, 38°, limestone, 64%, rutile, and 
634°, refined manganese. Comprehensive tests were carried 
out on the electrodes and on test welds. Test data are given 
in 17 tables. The conclusions contain the statement that the 
standard electrode with 24°, Cr and 3°, Nino longer meets 
the requirements of welding technique in all cases, as it pro- 
duces a weld with too little capacity for deformation. A 
recommended composition is 0-1°4 C, 0-8-1-0°) Si, 3-0°, 
Mn, 22-24% Cr, 1:5% Ni, and 0-25% N (all max.). (37 
references).—P. M. C. 
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Joining and Assembling. (Stee/, 1953, 182, Jan. 5, 406 
424). New metal joining methods and more automatic opera- 
tions are increasing output, improving quality, and reducing 
costs for American fabricators. Use of inert-gas shielded are 
welding grew considerably in 1952 and speed of submerged 
melt welding has been increased by using multiple electrodes. 

Effect of the Degree of Deoxidation and of the Nitrogen 
Content of the Weld Metal in the Arc Welding of Carbon Steels. 
J. Maria Sistiaga. (Cienc. Teen. de la Soldadura, 1952, 2, 
Sept.-Oct. ; Nov.—Dec.). [In Spanish]. The importance of 
the sensitivity to brittleness of welds in relation to the weld- 
ability of carbon steels is considered in the light of the weld 
metal deposited by various special quality carbon steel elec- 
trodes. The chemical and metallographic evidence of the 
degree of deoxidation and of the nitrogen content of the weld 
metal is linked with the different behaviour in tensile testing 
at various temperatures, and after ageing. Insufficient 
deoxidation and high nitrogen contents increase the tendency 
to brittle fracture.—R. s. 

The Repair and Maintenance of Industrial Plant by Welding. 
A. J. Hipperson. (Steam Eng., 1952, 21, Aug., 403-407 
Sept., 466-470 ; 22, Oct., 17-21 ; Nov., 70-73 ; Dec., 88-91 ; 
1953, 22, Jan., 150-153). The developm« nt of gas and are 
welding is surveyed. The weldability characteristics of 
metals and alloys are listed giving specific welding techniques. 
The mechanism of oxy-acetylene welding is examined in 
detail. Examples of boiler repairs and the repair of steam 
Hard surfacing of wearing 


plant are given and described. 
*Manganweld A,’ and 


of machinery parts with ‘ Stellite’ 


other alloys is outlined.—t. E. D. 
Welding Meets Jet-Engine Challenge. K. H. Koopman. 
(Steel, 1952, 118, Dec. 29, 76-80). The author considers the 


ol jet engines 


welding processes av ailable for use in fabrication 


and mentions the field of application of each. Tungsten-are 


(‘ Heliare ’) welding, shiel led inert-gas metal are (* Sigma’) 
welding, and submerged are (* Unionmelt ’) welding are dealt 
with.—D. L. C. P. 


The Presidential Address. Mr. Robert — on the 
Control of Distortion. (Trans. Inst. Weld., 1952, 15, Dec., 
151-160). The control of residual stresses and dis tortion in 
electric are welded products is discussed.—v. E. 

Distortion Control in Structural Fabrication. G. Cape and 
L. Jehu. (Welding J., 1952, 31, Nov., 1009-1016). Practical 
methods are discussed for the control of distortion in welded 
products.—v. E. 

C.T.S. Weldability Test for High-Tensile Structural Steels 
Welded by the Metal-Are Process. ('Welding Res., 1953, 6, 
Oct., 89r-92r). A new weldability test, C.T.S. (Controlle¢ 
Thermal Severity), has been developed. The test comprises 
a series of restrained fillet welds, using the steel and electrode 
under consideration. Each C.T.S. test assembly incorporates 
two test welds of equal size, one of which may be considered 
to have a thermal severity equivalent to that of a britt le-weld 
and the other a thermal severity equivalent to that of a 
normal fillet weld, the difference being due to the shape of 
the assembly. Grading is determined by visual examination. 

Initiation and Propagation of Brittle Fracture in Structural 
Steels. P. P. Puzak, E. W. Eschbacher, and W. 8. Pellini. 
(Welding J., 1952, 31, Dec., 561s-581s). Experimental tech- 
niques have been deve loped to initiate brittle fracture in 
structural steels from a sharp cleavage crack which synthesizes 
the fabrication cracks developed in welded structures. Tests 
conducted over a range of service temperatures have « 
strated that structural steels of the ship-plate type develop 
brittle fracture in the temperature range of ship fractures. 

Failures and Defects Encountered in the Construction of 
Welded Ships. R.D. Bradway. (Welding J., 1952, 31, Dev 
1111-1121). Different types of cracks are classified as to 
origin and cause, with special emphasis on welding procedures, 
fabrication, workmanship, design, and materials.—v. E. 

Magnetic Force Welding. M. Zucker and G. Cubitt-Smith. 
(Welding J., 1952, 81, Dec., 1141-1152). A machine has 
been developed which uses the magnetic force of the welding 
current to produce rapidly rising pressure on the work. 
The force is adjustable in magnitude and is perfectly syn- 
chronized with the welding current. Test results are given of 
laboratory and production welding a copper, 
tungsten, aluminium, and steel.—v. 

Temper Brittleness ms Low-Alloy Steel Weld Metal. R. P. 
Wentworth and H. C. Campbell. (Welding J., 1952, 31, Nov. 


lemon- 


silver, brass, 
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Ultrasonic Examinations of Weldments and the Establish- 


505s—514s). Temper brittleness has been investigated using 
five low-hydrogen, low-alloy weld metals. A slow notch- 
bend test was developed in order to give a ductile or brittle 
indication. Temper brittleness was not revealed in the case 
of three other low-hydrogen electrode grades. Two Mn-—Mo 
grades (low and medium carbon) gave completely ductile 
fractures. Two Ni-Mo-V grades revealed temper brittleness 
in the 1050-1150° F. range.—v. E. 

Embrittlement of High Strength Ferritic Welds. P. P. 
Puzak and W. S. Pellini. (Welding J., 1952, 81, Nov., 521s- 
526s). The effect of stress-relieving heat-treatment of low- 
hydrogen, high-strength, ferritic welds of the Mn—Mo and 
Ni-Mo-V types of steel was investigated and changes in 
properties. were determined. It was established that the 
Mn-Mo steel is essentially unaffected by stress-relief heat- 
treatments. The Ni-Mo-V steel exhibits a pronounced loss 
in notch toughness which may be due to the precipitation of 
vanadium carbides. It is concluded that the Ni-Mo-V welds 
are not suitable for stress-relieving heat-treatment.—v. E. 


Bronx Continuous Tube Forming and Welding Machine. 
(Machinery, 1953, 82, Jan. 2, 27-29). Details are given of a 
machine for the continuous production of welded tubes from 
steel strip of 10 to 20 gauge.—. c. s. 

Joining Distortion Minimized. H. Thielsch and J. R. 
Charlton. (Steel, 1953, 182, Feb. 9, 92-96). The organic 
resin materials available for bonding metals are outlined with 
particular reference to the new group of ethozylene resins 
known as ‘Chemo Tec.’ These require no pressure for bond- 
ing and may be hot or cold setting. The method and field 
of applications are described.—p. L. c. P. 


Testing Welding Electrodes and Steels for Susceptibility to 
Cracking in the Weld. P. Werthebach. (Stahl u. Eisen, 
1953, 78, Jan. 15, 84-91). The suitability of a recently pro- 
posed standard for testing welding electrodes for their ten- 
dency to shrink-cracking has been studied, using a number of 
different steels and electrodes. The tests showed that the 
results are comparable if the conditions are adhered to exactly. 

Residual Stresses and Stress Relief. (Schweisstechn., 1952, 
6, Nov., 128-130). This is a brief report on a memorandum 
issued by Committee 10/11 of the International Institute of 
Welding on the present position se stress-relief practice 
carried out in different countries.—v. 

one Brittle Fracture of Alloy Steel at Low Stress Levels. 

. L. M. Cottrell. (Nature, 1952, 170, Dec. 20, 1079-1080). 
i ffec ts in the heat-affected zone of a w eld have been imitated 
in tubular notched test pieces which were supersaturated with 
hydrogen, quickly heated to 1250° C., and cooled at selected 
welding rates. Impact-tensile, slow tensile, and dead-load 
tensile test results are reported for a low alloy steel and show 
that the dead-load test gives a good indication of liability to 
crack formation.—a. G. 

An Investigation into the Criteria of Weldability of Low 
Carbon Steel Sheets. H.C. Goosens and C. Vollers. (Sheet 
Metal Ind., 1952, 29, Dec., 1097-1113). The article is a 
publication’ of the Research Commission of the Netherlands 
Welding Society. It deals extensively with weldability tests, 
and the main conclusions are that thin steel sheets (up to 
about 1-7 mm.) from low carbon steel can be classified accord- 
ing to weldability by means of the local fusion test, the 
cupping test on fused tracks, and the cupping test on welded 
seams. Such classification is not possible by means of 
Miiller’s test.—P. M. c. 

New Rules for Welding Low-Alloy Ferritic Pipe Materials. 
C. F. Perry. (W elding J., 1952, 81, Oct., 898-902). An his- 
torical background is given of the new rules for welding ag 8 
pipelines for use at high temperatures and pressures.—v. 


Experience with the Ultrasonic Testing of Welds. H. 
Krachter. (Stahl u. Eisen, 1953, 78, Feb. 26, 279-283). The 
principles of ultrasonic testing are described ; the method 
using two oblique heads is the most suitable. The procedure 
has been applied to a series of welds up to 95 mm. thick ; the 
shape of the echo on the oscilloscope gives information on 
the nature of the defects. A sharp echo indicates a crack 
and a broad broken echo shows porosity. The ratio of the 
intensities of the echoes from the defect and the outer wall 
varies with the size of the former and a quantitative 
assessment of size is thus possible. Ultrasonic testing is 
more economic than X-ray methods for heavy sections, but 
the latter are just as rapid and even more accurate for thick- 
nesses less than 10 mm.—4. P. 
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ment of Safe Acceptable Limits for Defects. F.C. Parker. 
(Non-Destructive Testing, 1953, 11, Jan., 12-20). The author 
discusses the use of ultrasonics for the non-destructive testing 
of forgings, castings, and weldments. Sections showing 
typical flaws, with the corresponding Reflectoscope oscillo- 
graph records are illustrated as follows : A cracked piston rod, 
a cracked compressor crosshead, an internally corroded 
oxygen cylinder, unsound welds in anchor chain and in steel 
pipe, and microcracks in type 347 stainless steel. The inter- 
pretation of oscillograph records is briefly discussed.—P. M. C. 


Methods of Evaluating the Reliability of Spot Welds. (Prat. 
Soud., 1951, 5, Nov., 164-167 ; Dec., 184-185 ; 1952, 6, Jan., 
12-15 ; Apr., 73-76. This paper makes a detailed study of 
methods of evaluating the reliability of spot welds.—m. D. J. B. 

Notes on the Strength of Spot Welds. (Prat. Soud., 1951, 5, 
Jan., 1-3). This paper discusses not the intrinsic strength of 
spot welds but the influence of pattern and weld spacing on 
the strength of various types of connections.—um. D. J. B. 

Defects in the Spot Welding of Stainless Steels. (Prat. Soud., 
1950, 4, Nov., 166-169). The principal defects which occur 
in the spot welding of stainless steels are examined. These 
include cavities and cracks in the weld, cracks in the parent 
metal, distortion of the parent surfaces by the expansion of 
the weld and deformation of the spot weld itself. Methods 
of avoiding them are discussed.—um. D. J. B. 

The Job that Needed New Welding Procedures. D. L. 
Rigsby and M. J. Waite. (Canad. Metals, 1952, 15, Aug. 50- 
54). An electric arc-welding repair on a cracked cast steel 
main cylinder wall of a 4000-ton extrusion press is described. 

Some Recollections of Events and Personalities in the Early 
History of Autogenous Welding. A. G. C. Lucas. (Sheet 
Metal Ind., 1952, 29, Apr., 305-312 ; June, 535-539 ; July, 
635-640 ; Aug., 741- 746 ; Sept., 833- "839 ; Nov. . 1011- 1017, 
1022). An historical account is given of ‘the early progress 
of oxy-acetylene welding. The formation of the Acetylene 
Association is dealt with and its activities and leading per- 
sonalities recalled.—?. M. c. 

Ferrous Rod for Welding Nodular-Graphite Cast Iron. 
R. V. Riley and J. Dodd. (Foundry Trade J., 1952, 98, Nov. 
13, 555-560). The welding of nodular-graphite cast iron is 
possible with a gas-welding technique. The nodular graphite 
cast-iron rod technique, described here, makes a homogeneous 
joint.—®. T. L. 

Contact Resistance. W.B. Kouwenhoven and C. W. Little. 
(Welding J., 1952, 31, Oct., 457s-465s). Using solid cylinders 
2 in. long x 0-5 in. in dia. of aluminium, brass, bronze, 
silver, and stainless steel, with ends prepared in different ways, 
the electrical resistances of end-to-end contacts under loads 
from 230 to 1575 lb. were investigated.—Rr. A. R. 

Recent Developments in Arc Welding Electrodes. D. H. 
Young. (J. Junior Institution of Engineers, 1952, 62, Sept., 
413-421). After reviewing the developments in coated elec- 
trodes, and the value of the low hydrogen electrodes, the 
author discusses in detail the vertical and the downhand- 
contact electrode.—J. c. B. 

Effect of Elongation on Weld Quality. R. G. Alison. 
(Canad. Metals, 1952, 15, Apr., 44-45). The author gives 
three examples of welded objects which failed under a bend 
test, and three which did not fail, and points out that there isno 
correlation between the failures and good welds with the 
elongation obtained for the weld metal alone. The perform- 
ance of a weld depends more on the surface condition than it 
does on the types of electrode used.—4. c. B. 

The Expression of Spot-Weld Properties. J. Heuschkel. 
(Welding J., 1952, 81, Oct., 931-943). This is a mathematical 
treatment of strength and ductility of spot welds in carbon 
steel. Equations are presented which apply only to. con- 
ventional single-impulse spot-welding procedures on welds 
stressed at normal temperatures.—v. E. 

Welding Low-Alloy High-Tensile and Sulphur Steels with 
Hydrogen Controlled Electrodes. J. G. Newell. (New 
Zealand Eng., 1952, 2, Sept., 353). The presence of hydrogen 
impurities in electrode coatin gs, and the resulting troubles due 
to fine cracks in the weld metal are briefly reviewed. Such 
trouble can now be avoided by using — coated with 
hydrogen-free carbonate fluorspar.—P. M. 

Measurement of Transient Surface Senpentunes. R. A. 
Huggins, I. B. Roll, and H. Udin. (Rev. Sci. Instruments, 
1952, 28, Sept., 467-470). | The authors describe the design, 
construction, and operation of apparatus to produce, measure, 
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and record transient surface temperature cycles of the type 
produced at or near a spot weld in steel.—n. A. R. 

Hot Radiography Cuts Weld Inspection Time. A. Gobus. 
(Steel, 1952, 181, Oct. 27, 72-73). The hot radiographic 
technique (called the McElroy-McNutt process) makes it 
possible to take weld photographs without first having to 
cool the metal. Considerable time may thus be saved, 
without lowering the standard of the inspection.—D. L. c. P. 

The Problem of Repairing Defects in Ordinary and Special 
Steel Castings. (Prat. Soud., 1951, 5, Nov., 167-169). A 
brief description is given of the complex technique for repairing 
faulty steel castings. Stress is laid on the fundamental im- 
portance of choosing the correct weld metal, of correctly pre- 
heating the casting and of chipping out and preparing the 
surfaces to be welded.—wm. D. J. B. 

Electric Welding of Stainless Steels in Argon Atmospheres. 
(Prat. Soud., 1951, 5, Oct., 144-145). The electric welding of 
all stainless steels ranging from 18-20 to 28-30 Ni-Cr is 
difficult because of the formation of refractory chrome oxides 
which interfere with the formation of the weld-bath. The 
method described (welding in an argon atmosphere), reduces 
the overheating of the parent metal and prevents the forma- 
tion of chrome oxides. Technical details of the process are 
given.—M. D. J. B. 

Plating as an Aid in the Brazing of Stainless Steel. A. 
Korbelak and E. C. Okress. (Plating, 1952, 39, Nov., 1220- 
1222, 1228). The difficulties inherent in securing vacuum- 
tight brazing of components of a large electronic tube have 
been overcome by depositing a layer of nickel and sintering 
this before brazing.—J. P. 

A Method of Overcoming Wear: Oxyacetylene Re-Surfacing. 
L. Mendel. (Prat. Soud., 1952, 6, Aug.—Sept., 140-144). 
The economic advantages of resurfacing are briefly discussed, 
after which the author examines the best re-surfacing metals 
in relation to the base metal, the volume of metal to be 
deposited and the conditions of wear.—m. D. J. B. 

Technical — of Soldering Practices. R.M. MacIntosh. 
(Welding J., 1952, 31, Oct., 881-897). The development of 
good soldering tec hniques is discussed and attention is given 
to the selection of the correct solder composition for a specific 
application.—v. E. 

Industrial Brazing. E. V. Beatson and H. R. Brooker. 
(Welding and Metal Fab., 1952, 20, Oct., 370-376 ; Nov. 406- 
410; Dec. 439-442). Electrical resistance and induction 
methods of brazing are described and illustrated. The direct 
interface resistance method is used to braze thin brass plate 
on to steel.—R. A. R. 

ey and Brazed Parts. H.R. Clauser. (Mat. Methods, 

952, 36, Nov., 123-138). Welded or brazed fabrication fre- 
cae makes possible designs which save money and/or 
improve performance. The article gives a wealth of infor- 
mation on shapes, sizes, and thicknesses that can be welded, 
weldable materials, properties and characteristics of welded 
joints, joint designs, cost considerations, and typical applica- 
tions.—P. M. C. 

High Strength Vacuum Brazing of Clad Steels. R. C. 
Bertossa. (Welding J., 1952, 31, Oct., 441s-447s). Sound 
and continuous high strength brazed bonds between low and 
medium carbon steels and stainless steels have been obtained 
with the vacuum brazing method. No fluxes or special 
furnace atmospheres are needed. Physical characteristics of 
vacuum-brazed bonds and application of the method to 
cladding carbon steels with alloys are discussed.—v. E. 

Copper Brazing in Electric Furnaces. J.B. Carroll. (Eng. 
Insp., 1952, 16, Autumn, 106-111, 124). The author de- 
scribes types of continuous furnace, conveyor belt systems, 
furnace atmospheres, brazable metals, joint design, and 
assembly methods and faults.—pP. . c. 

Strength Joints to Steel with Aluminium Bronze Filler 
Metals. W.G. Groth and R. E. Maersch. (Welding J., 1952, 
81, Nov., 1042-1048). It is found that aluminium bronze filler 
metal can be used to secure good welds between steel and 
high-strength copper-base alloys.—v. E. 

Surface Alloying in Brazing and Reiated ae. R. 
Humphrey and R. D. Wasserman. (Welding J., 1952, 81, 
Dec., 1135-1140). The mechanism of metallic bonding is 
discussed. From fundamental considerations it is concluded 
that strong metallic bonds depend upon the degree of diffusi- 
bility of the metals which in turn is a function of pressure, 
temperature, and concentration.—v. E. 

Scope of Metal Cutting Using Iron Powder. F. Gysen. 
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(Prat. Soud., 1952, 6, May, 91-95). The author describes a 
method of injecting a stream of iron powder into an oxy- 
acetylene flame, the combustion of which raises the tempera- 
ture of the flame and supplies sufficient iron oxides to disolve 
the refractory oxides formed by the parent metal. The 
method described is applied to the cutting of special steels, 
foundry irons, ladle skulls and to the cutting of considerable 
thicknesses of superimposed steel plates.—m. D. J. B. 

The Use of Oxygen in the Production of Iron and Steel. 
W.E. Krebs. (J. Sci. Indust. Res., 1952,11, Nov., A490-A496). 
The author outlines the development of the use of oxygen in 
cutting and welding, and in oxy-acetylene surface hardening 
of steel. He also describes flame scarfing, and the use of 
oxygen-enriched blast in blast furnaces and in low-shaft 
furnaces. (47 references).—E. T. L. 

New Comparative Flame-Cutting Tests with Propane and 
Acetylene Gas. H. Kunz. (Schweissen u. Schneiden, 1952, 
4, Dec., 442-443). Data on gas consumption and cutting 
speed, using oxy-acetylene and oxy-propane, to cut steel plate 
16 and 30 mm. thick are presented. It was found that both 
gases are suitable for cutting plates. Acetylene gas proved 
more successful in cutting very corroded objects. Stacks of 
plates were more easily cut with propane gas. The use of 
acetylene saved time and consumed less oxygen.—v. E. 


MACHINING AND MACHINABILITY 


Machining—Theory and Practice. K. G. Lewis and W. 
Milne. (Machinery, 1953, 82, Feb. 20, 353-360, 367). 
Cutting fluid theory, factors influencing cooling requirements, 
surface finish, effect of — conditions, and surface 
cracking are discussed.—k. ¢. s. 

Unorthodox Methods of Machining Hard Materials. P. 
Grodzinski. (Metallurgia, 1953, 47, Jan., 34-38). The 
shaping of very hard materials, such as the sintered tungsten 
carbides, has given rise to a number of unorthodox machining 
methods, mainly of an electrical nature. A survey of the 
literature is made.—B. G. B. 

Conditions for the Preparation of Surface Quality Specimens 
for Turning, Grinding, Finishing. Iu. D. Ligskii. (Stanki i 
Instrument, 1951, No. 9, 20-27). [In Russian]. After a 
review of factors influencing the quality oft machined surface, 
data are given on the preparation of surface-quality standard 
specimens for a wide range of machining operations. The 
preparation and properties of grinding materials and the 
grinding conditions for surfaces of various qualities are 
tabulated.—-s. k. 

Grinding Case-Hardened and Nitrided Steels with Mono- 
corundum Grinding Wheels. M.S. Rakhmarova. (Stanki i 
Instrument, 1951, No. 10, 14-16). [In Russian]. 

Researches on the Lapping of Metals. H. Tsuwa. (Tech. 
Rep. Osaka Univ., 1952, 2, Mar., 53-60). [In English]. The 
author investigated wet lapping on a cast iron lap, and in 
particular the relation between lapping time, size of abrasive 
grain, and the lapping pressure applied.—4J. G. w. 

Boron Carbide Lapping Media for Microfinishing. W. Uhl- 
mann. (Metall, 1952, 6, Sept., 530-534). The author describes 
the use of boron carbide as a substitute for diamond bort 
for microfinishing.—J. G. w. 

Diminution of Plastic-Deformation Zone in the Machining 
of Metals under _ Action of Surface-Active Liquids. G. I. 
Epifanov and L. A. Schreiner. (Doklady Akademii Nauk 
S.S.S.R., 1951, 80, 5, 781-782). 

Some Factors Affecting Wear on Cemented Carbide Tools. 
E. M. Trent. (Proc. Inst. Mech. Eng., 1952, 166, 1, 64-70). 
Evidence is presented supporting the theory that under severe 
frictional conditions fusion may occur between carbides and 
steel at a temperature between 1300 and 1325°C. The 
removal of such fused material is given as the reason for 
** cratering ’ wear on cutting tools.—P. M. Cc. 

Cutting Forces and Temperatures when Milling with Carbide 
Cutters. H. Opitz and J. Kob. (Eng. Digest, 1952, 28, Dec., 
421-424). The results of investigations to determine the 
optimum rake, cutting speed, and depth of cut for carbide 
cutters for use with steel and cast iron are presented. It was 
established that, in general, with increasing strength of the 
material and cutting speed, tools with the larger negative 
angles showed the less wear.—B. G. B. ; 

A Simple Interference Apparatus for Surface Testing. F. 
Gabler. (Metalloberfliiche, 1952, 6, Sept., Al34-a138). The 
author first outlines briefly the method by which interference 
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patterns can be produced between a transparent standard 
test piece and the surface to be investigated, and shows how 
distortion in the bands can be used to measure flaws and 
irregularities in the surface. He then describes a new appar- 
atus manufactured by Reichert, embodying these principles. 

Micro-Interferometry for Surface Measurements. R. E. 
Sugg. (Product Eng., 1952, 28, Aug., 156-157). A brief 
description is given of the application of the Michelson 
interferometry system to microscopic surface examination. 
It does not replace stylus instruments, but is useful in the 
examination of surfaces in which the irregularities are only 
a few millionths of an inch in depth. The diamond tip stylus 
has a radius of approx. 0-0005 in. and, with high unit loading, 
can scratch or burnish finely lapped surfaces.—a. M. F. 

Machinability Theory Pays Off. R.K. Gould. (Steel, 1952, 
181, Aug. 18, 98-102). The application of the basic principles 
and underlying laws governing the cutting and machining of 
metals can be applied to the problems associated with new 
alloys. The effects of shear strength, coefficient of friction 
and machining constant are considered.—A. M. F. 

How To Machine Stainless Steel With Carbides. J. J. 
Robert. (Machinist, 1952, 96, Dec. 27, 2097-2100). The 
article presents data on tool angles, carbide grades, speeds, 
and feeds.—k. Cc. Ss. 

The Design and Manufacture of Hobs. H. G. Sutton. 
(Inst. Production Engineers : Australasian Eng., 1952, Sept. 
8, 50-57). This subject is covered in some detail. The 
multi-start hob is discussed, and the shaving process de- 
scribed. The designs and forms of spline and worm hobs are 
dealt with and the hardening, grinding, and inspection of the 
finished hobs are described.—P. M. Cc. 

A Comparison of Twist Drills Manufactured from Standard 
and Special High-Speed Steels. P. Spear, I. R. Robinson, 
and K. J. B. Wolfe. (Metal Treatment and Drop Forg., 1952, 
19, July, 293-301). Details are given of experimental work 
undertaken to compare the performances of }-in. drills manu- 
factured from the standard 18/4/1 high-speed steel, and from 
three steels with lower tungsten content. The 18/4/1 steel 
gave, as expected, outstanding performance, whilst the Krupp 
triple steel which came next is very notable for its economical 
use of tungsten. The 12-14°%-W steel gave half the life of 
the 18/4/1, and the 14/4/4 high vanadium steel was unsuitable 
for small drills. (10 references).—P. M. c. 

Study on the Evaluation of the Cutting Ability of Hacksaw. 
I.—Heat-Treatment’s Effect on Hand Saws and the Cutting 
Ability. H. Sakai and H. Sugaya. (J. Mech. Lab., 1952, 6, 
Sept., 192-195). [In Japanese]. The authors report results of 
their investigations of the effect of heat-treatment on the 
cutting ability of hacksaw blades of two different makes. 


Some Observations on the Evaluation of Cutting Tests. 
W. Spath. (Metalloberfliche, 1952, 6, Dec., a186-a189). 
The author explains the method of representing graphically 
the relationships between the duration of life of a cutting tool, 
the total length of cut, and the cutting velocity. He then 
describes a simple method, by which the number of tool 
re-grinds for a given length of cut is plotted against cutting 
speed.—t. H. 

The Shape and Evaluation of Tool-Life Cutting-Speed Curves. 
F, Rapatz and F. Motalik. (Stahl u. Eisen, 1952, 72, Dec. 4, 
1583-1587). The assumption that tool-life/cutting-speed 
curves are rectilinear when plotted on double logarithmic co- 
ordinates leads to errors which cannot be disregarded. The 
evaluation of results in the literature and from present 
experiments shows that, with long tool lives, the life may be 
longer than corresponds to the linear shape. The classifica- 
tion of high-speed steels in a test with a fine cut is different 
from that when roughing.—4. P. 

Where Do We Stand in America and in Germany with Contact 
Grinding? O. Schleppi. (Metalloberfliiche, 1952, 4, Dec., 
B177—8182). A general survey is made of the development in 
the U.S.A. and Germany of various types of grinding machine, 

Band Saw Walks Through Metal. M. A. Bergson. (Steel, 
1952, 181, Oct. 20, 92-94). The principles of friction sawing 
as a means of fast cutting are explained. Heat needed is 
supplied by the saw teeth which multiply the feeding force 
into high unit pressures necessary for quick heating. This 
feature, and fast chip removal, combine to keep the cut 
moving at such a rapid rate that heat penetration has no 
effect on the material.—a. M. F. 

Effectiveness of Liquid Media in the Cutting of Metals as a 
Function of Physico-Chemical Nature of Medium and Metal. 
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N. A. Pleteneva and G. I. Epifanov. (Doklady Nauk 
S.S.S.R., 1951, 77, 6, 1051-1053). The influence of various 
liquids (water, hydrocarbons and their chlorinated deriva- 
tives, alcohols, acids and esters of the aliphatic series) upon 
the machining of metals (including aluminium, copper, iron, 
nickel, lead, tin, stainless steel) was investigated.—v. G. 

New Findings Concerning the Change of Material Properties, 
Notably Machinability, of Straight Carbon Steels of Medium 
Strength in the Range -—100° + 500°C. F. Bogner. 
(Technik, 1952, 7, Nov., 667-672). Observed good machin- 
ability at low temperature, and in the region of 400° C., is 
correlated with mechanical properties and their variation in 
this temperature range.—J. G. w. 

How You Can Specify Surface Finishes. (Stee/, 1953, 182, 
Jan. 19, 74-78). A system of surface finish specifications 
which is becoming widely recognized is explained. Symbols 
show the lay of the surface pattern, and roughness is measured 
in micro-inches. Standard finish blocks are used for com- 
parison and measurement made in micro-inches by profilo- 
meter.—D. L. C. P. 

Errors of Measurement and Limits of Rational Utilization of 
a KV-4 Electrodynamical Profilometer. A. A. Matalin and 
M. E. Sholina. (Stanki i Instrument, 1951, No. 12, 16-19). 
[In Russian]. 

Errors of Measurement and Limit of Rational Utilization 
of a KV-4 Electrodynamical Profilometer. E. I. Volodin. 
(Stanki i Instrument, 1951, No. 12, 19-21). [In Russian]. 

Control and Disposal of Swarf and Waste Metal. (Pera 
Bull., 1953, 6, Feb., 66-71). The removal of turnings and 
borings to storage and sorting centres, separating the coolant, 
sorting, briquetting, and melting down are briefly discussed. 
25 references).—R. A. R. 

Industrial Blades and Knives. (Aciers Fins Spec. Frang., 
1951, Nov., 32-33). The production of blades for mechanical 
cutting instruments is outlined under the headings: (1) 
Manufacturing the steel ; and (2) machining and grinding. 

Craven Double-Table Ingot Planing Machine. (Machinery, 
1953, 82, Jan. 9, 74-75). The article describes the double- 
table ingot planing machine recently built by Craven Brothers 
(Manchester), Ltd.—s. c. s. 


CLEANING AND PICKLING 


The Control of Hydrogen in Chemical Descaling of Ferrous 
Metals. G. Rossi Landi. (Mét. Constr. Mécan., 1952, 84, 
June, 465; July, 521-523). [In Spanish]. The author 
believes it is not worth while trying to recover hydrogen in a 
descaling operation. The dangers of excessive hydrogen are 
stated and it is shown to be necessary to control its formation. 

Importance of Surface Preparation: Shot Blasting. R. Mar. 
pon. (Mét. Constr. Mécan., 1952, 84, June, 463-465; July, 
523-525 ; Aug., 573-577). The advantages and nature of 
shot blasting are enumerated in a general way. The applica- 
tion of shot blasting to the preparation of surfaces for painting 
is discussed. Ways of examining the continuity of paint films 
are described and the results obtained by cycles of accelerated 
ageing are presented.—R. s. 

Shot Blasts 430 Cleaning Costs. (Steel, 1953, 182, Feb. 16, 
86-89). Cold roll methods of scale breaking are replaced by 
a shot-blast cleaning unit in a strand annealing and pickling 
line of Washington Steel Corp. After annealing and cooling, 
the stainless-steel strip (Type 430) is blasted with steel shot 
before being pickled, rinsed and dried. The blast cleaning 
unit is fast and efficient.—D. L. c. P. 

New Airless Blast Tumbling Barrel Cuts Costs, Speeds 
Cleaning at Gisholt. W. I. Gladfelter. (Amer. Foundryman, 
1953, 28, Jan., 71-72). The advantages of the new airless 
blast machine installed at Gisholt Machine Co., Wis., are 
briefly discussed. This machine has improved plant clean- 
liness, and substantially reduced labour costs, power costs, 
and floor space requirements.—t. FE. Ww. 

Experiments with Shot-Blasting Materials. W. Gesell. 
(Giesserei, 1952, 89, Nov. 27, 630-634). The author describes 
a machine for testing the properties of sand- and shot-blasting 
materials.—3. G. w. 

Cleaning and Finishing. (Steed, 1953, 182, Jan. 5, 386-404). 
All the cleaning and finishing processes are reported to have 
advanced in America during 1952. Developments are 
described in vapour and solvent degreasing, sodium hydride 
descaling, electrolytic alkaline derusting and descaling, barrel 
tumbling, and abrasive belt grinding and finishing—D. L. c. P. 
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Barrel Finishing. F. Spicer. (Indust. Finishing, 1953, 5, 
Jan., 399-406). Advantages are described for different types 
of barrel, abrasive media, and liquid compounds. Optimum 
conditions are tabled for various finishes on eight types of 
metal part. The ratio of load to media and carrier, height of 
load, and rotation speed may be determined by glass jar 
experiments. The American ‘ Advanced Barrel Finishing ’ 
(‘ Superscheen ’) process utilizes special toughly-bonded chips. 

Radioactive Tracers Track Metal Cleaner Effectiveness. 
J. W. Hensley. (Iron Age, 1952, 170, Nov. 13, 151-154). 
To assess the effectiveness of metal cleaners, radioactive 
tracers have been used in the soiling material. Using a 
standardized procedure with 1}4-in. dia. discs soiled with a 
stearic acid and activated with carbon", comparative rates 
of removal by various cleaning methods can be compared. 

Descaling. A.Liné. (Wire Ind., 1953, 20, Jan., 66-70, 83). 
The author reviews French mechanical descaling of ferrous 
wire based on the Gorcy system. The principle of operation of 
the Liné-Gorcy machine is explained, and suitable lubricants 
and devices for conveying the lubricants into the die are 
indicated. Recommended die shapes and drawing speeds are 
based on weight of scale removed per unit weight of rod. 

Electropolishing and Its Applications. ©. E. Naylor. 
(Plating Notes : Electroplating, 1953, 6, Jan., 15-17). A review 
is given of methods for electropolishing stainless steel, brass, 
cupro-nickel, aluminium and aluminium alloys, and carbon 
and low-alloy steels. The electrolytes and operating condi- 
tions are given in tabular form.—1. P. 

Electropolishing of Stainless Steel. (Product Finishing, 
1953, 6, Jan., 54-57). Some details are given of a new 
Armco electropolishing process for stainless steel. Some of 
the operating conditions are described, but not the composi- 
tion of the electrolyte.—z. P. 

Heating Pickle Liquor by Submerged Combustion. W. I. 
Weisman. (Steel, 1952, 181, Dec. 15, 114-116). A graphite 
burner using compressed natural gas and air, firing directly 
into the pickling liquor, has been used with success for heating 
corrosive pickling bath solutions. The burner fires into a 
special brick-lined chamber from which hot solution circulates 
to the main tank. Important features are unobstructed 
bath, high thermal efficiency, close control, no dilution of 
liquor, and rapid pickling action.—D. L. Cc. P. 

Efficient Design of Electric Heaters for Pickling Installations. 
W. Mazurzak. (Draht, 1952, 8, Dec., 413-414). A design in 
which heating coils sheathed in porcelain tubes are placed in 
wall recesses of brick-built pickling tanks is described and 
recommended.—J. G. W. 

Drying Electroplated Articles—Which Method? F. Spicer. 
(Indust. Finishing, 1952, 5, Dec., 328-332). Advantages and 
disadvantages are discussed for the drying of plated compo- 
nents by sawdust, centrifugal drying, static ovens, compressed 
air, hot air driers in automatic plating machines, and water 
repellent mixtures. An improved method of sawdust drying 
is described.—k. E. J. 

Improvement of the Technique of Electrolytic Polishing. 
P. Rocquet and G. Jegaden. (Métaux—Corrosion—Indust., 
1953, 28, Jan., 28-32). From a study of the effect of voltage 
and current on the polishing process, it is shown that the best 
conditions are obtained when the resistance of the cell passes 
a certain maximum ; this maximum varies with the tempera- 
ture and age of the bath. The authors place the polishing 
cell in one arm of a Wheatstone bridge circuit and this enables 
the optimum polishing conditions to be rapidly determined 
without the necessity of measuring the surface area of the 
sample. Details of this circuit, the cell, and the procedure 
for polishing are given.—B. G. B. 

The Mechanism of Action of Inhibitors on Hydrogen Em- 
brittlement of Steel in Sulphuric Acid. Z. A. Jofa and E. I. 
Lyakhovetskaya. (Doklady Akademii Nauk S.S.S.R., 1952, 
86, 3, 577-580). [In Russian]. A possible mechanism of the 
action of inhibitors on the velocity of diffusion of hydrogen 
into steel is discussed. The brittleness of 0-1°% carbon steel 
wire and the amount of hydrogen in it after cathodic polariza- 
tion in pure sulphuric acid, and in sulphuric acid with various 
additions, were investigated.—-v. G. 

The Electrolytic Preparation of Metallic Surfaces. A. Roos. 
(Usine Nouvelle, 1952, 9, Dec. 25, 29-30, 1953, 6, Jan. 1, 
29-30). The mechanism of pickling is discussed and the 
principle of electrolytic pickling is explained. The methods 
mentioned include : (1) Cathodic pickling using 40% H,SO, 
with lead anode and 7 amp./sq. dm. ; (2) anodic pickling using 
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neutral salt baths of Na,SO, with various additions and a 
current density of 20 amp./sq. dm.; (3) a direct current 
method, in which the polarity of the treated material is 
reversed at intervals, and which is particularly suitable for 
stainless steels ; (4) alternating current process, similar in 
effect to the previous method, but using 10% H,SO, and | 
amp./sq. dm. at 50 cycles, and especially applicable to very 
large pieces. Electrolytic polishing is discussed and the 
principles are explained. The applications of phosphor 
acid, sulphuric acid, perchloric acid containing nitric acid, 
and alkaline baths are surveyed, and the most suitable solu- 
tions for polishing pure iron, and carbon and alloy steels are 
tabulated. Electrolytic milling, particularly as applied to 
the shaping of carbide tools, is described. Very high current 
density (150 amp./sq. dm. is required).—t. E. D. 

How Chrysler Cleans Car Bodies for Painting. J.D. Speirs 
(Canad. Metals, 1952, 15, Aug., 46-48). 

Cleaning Rolling Bearings. (Ball Bearing J., 1952, No. 3, 
59-61). A guide is given to the most suitable methods ot 
cleaning bali and roller bearings that can be entirely removed 
from the housing and shaft, and those that cannot be dis- 
mounted or can be only partially dismounted.—J. c. B. 

Coating Methods, Materials, and Installations as Aids in the 
Five-Year Plan. KR. Klose. (Technik, 1952, 7, Aug., 469 
472 ; Sept., 537-544). The first part of the paper is concerned 
with preparation of the surface by grinding and degreasing ; 
in the second part pickling, brushing, sand-blasting, flame 
descaling, phosphatizing, and anodizing are discussed. 
Processes and installations are briefly described. Working 
time, consumption of materials and ancillary costs of the 
different processes are compared.—J. G. W. 

Pickling and Preparation of Metallic Surfaces—Cast Iron in 
Particular. J. Guingand and J. Ginguené. (Métauxr 
Corrosion—Indust., 1952, 27, Nov. 463-471). Several com- 
mercial methods of acid pickling are first discussed. The 
Kolene-Heurtey process is described in some detail and 
examples of the work carried out are shown. In this process 
the objects to be treated are immersed in an alkaline bath at 
a temperature of 450° C. and an electric current is passed 
through the bath to give a current density of 2 to 4 amp./sq. 
dm. The polarity of the object is altered during the treat- 
ment, and surface impurities are removed as a result of the 
alternate oxidation and reduction which occurs.—8. G. B. 

Ion Exchange—New Hope for Waste Recovery. A. G. 
Gray. (Steel, 1952, 181, Oct. 20, 96-100). Cation and anion 
exchange systems are described. Particular applications for 
the recovery and regeneration of phosphoric acid pickling 
liquor and chromic acid plating solution are given. These 
methods, apart from a saving of material, are claimed to be 
cheaper than waste treatment.—a. M. F. 

Effective Pretreatment is Vital. ((Product Finishing, 1952, 
5, Nov., 51-58). Some methods of preparing metals for 
painting are described.—. P. 

The Surface Treatment of Ferrous Metals Prior to Painting. 
H. J. Testro. (Sheet Metal Ind., 1952, 29, Oct., 931-940). 
This is a descriptive article which outlines the main cleaning 
and priming methods in common use today.—?. M. C. 

Ultrasonic Cleaning Pays Off for Small Parts. (Steel, 1952, 
181, Nov. 3, 92-93). Small, high-value workpieces can be 
economically and very thoroughly cleaned in continuously 
operating machines. The articles, submerged in cleaning 
solvent or detergent solution, are subjected to high-frequency 
sound waves.—D. L. ©. P. 


PROTECTIVE COATINGS 


Technical Developments of 1952. N. Hall. (Metal Fin- 
ishing, 1953, 51, Jan., 924-100). Developments in metal 
finishing during the past year are reviewed. The subjects 
covered include: Cleaning ; pickling ; mechanical, electro- 
lytic, and chemical polishing; plating and anodizing of 
aluminium ; nickel, copper, chromium, tin, zinc, silver, iron, 
aluminium and alloy deposition ; machines and methods ; 
electroforming ; vacuum metallizing ; conversion coatings 
and corrosion prevention ; testing and control ; and disposal 
of plating room wastes. (246 references).—J. P. 

Fifty Years’ Progress in the Testing and Specification of 
Electroplated Coatings. W. Blum. (Metal Finishing, 1953, 
51, Jan., 82-85). A brief review is presented of the develop- 
ment of methods for measuring thickness, adhesion, porosity, 
hardness, wear resistance, and brightness of electrodeposits. 
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The Plater in 1908. G.B. Hogaboom. (Metal Finishing, 
1953, 51, Jan., 72-77, 85). A description is given of the 
equipment and solutions used and work carried out in job 
plating shops in the U.S.A. during the first years of this 
century.—J. P. 

Measurement of the Efficiency of Protective Coatings. 
A. Walter. (Métaux—Corrosion—Indust., 1953, 28, Jan., 43- 
46). Anelectrical procedure for testing protective coatings is 
considered. ‘Two methods are described : (1) Two electrodes 
are placed on the surface of the coating and an increasing 
potential is applied between them ; the voltage at which a 
sudden surge of current occurs is a measure of the efficiency 
of the coating ; (2) one electrode penetrates through the coat- 
ing to the base metal, a second electrode is placed on the 
surface and an increasing voltage is applied as before.—B. G. B. 

Quality Control Applied to Metal Finishing. A. Whittaker. 
(Machinery, 1953, 82, Feb. 6, 254-255). It is shown that 
production planning and quality control can effectively ensure 
that the electroplating department does not constitute a 
bottleneck in a series of production processes.—k. C. S. 

Contribution to the Study of the Diffusion of Ions through 
Metallic Coatings. M. Bonnemay, H. Makram, and J. Royon. 
(Compt. Rend., 1952, 285, Oct. 27, 955-957). The porosity 
of electrodeposited coatings has been studied ; (a) By mea- 
suring the potential between the coated metal and a solution 
of a salt of the base metal ; and (b) by previously irradiating 
the base metal and noting the activity appearing in the 
solution.—a. G. 

Very Powerful Electrolytic Thinning and Its Applications. 
I. Epelboin. (Rev. Mét., 1952, 49, Dec., 863-875). The 
properties of thin layers of metals not work-hardened are of 
interest. To obtain such layers electrolytically the surface 
must remain smooth ; practical details of baths employed 
and arrangements for ensuring uniform current density are 
described. A few results for pure nickel and a ferronickel 
alloy are appended.—a. G. 

Gloss Evaluation of Materials. R.S. Hunter. (Amer. Soc. 
Test. Mat. Bull., 1952, Dec., 48-55). A review of earlier 
work on the classification of gloss is first made and the author 
then studies the problem of isolating and evaluating different 
gloss phenomena.—B. G. B. 

Spectral Method for the Determination of the Thickness of 
Metal Coatings with the Aid of a Steeloscope.. K. I. Taganov. 
(Zavodskaya Laboratoriya, 1950, No. 4, 457-459). [In 
Russian]. The method described for the determination of 

the thickness of metal coatings is based on sparking the speci- 
men, the time for the appearance in a steeloscope of the spec- 
trum of the base metal being measured and related to the 
thickness.—s. kK. 

Chromium Diffusion in Steel. W. Katz. (Werkstoffe u. 
Korrosion, 1953, 4, Feb., 49-57). This is an abridged German 
version of the paper. ‘The Protection of Metallic Surface 
by Chromium Diffusion ’ by R. L. Samuel and N. A. Locking- 
ton, with a short introductory discussion (see J. Iron Steel Inst., 
1952, 171, Aug., 432).—-R. A. R. 

Some Properties and Applications of Hard Chromium Plating. 
C.J. Cocks. (Inst. Australian Foundrymen, Convention 1952, 
175-184). 

Theory and Technique of Improving Metal Surfaces by 
Chromium Coatings. KR. Bilfinger. (Technik, 1952, 7, Aug., 
483-484). Methods of electro-depositing chromium are 
described. The author reports that microscopic examination 
of the chromium surface etched with an alkaline reagent 
reveals patterns of fissures characteristic of the catalyst acid 
added to the chromium-plating bath. The porosity of the 
etched coating is turned to good use in the production of oil- 
saturated coatings for self-lubricating parts.—J. G. w. 

Hard-Facing Alloys of the Chromium Carbide Type. H. S. 
Avery and H. J. Chapin. (Welding J., 1952, 81, Oct., 917- 
930). An investigation of physical properties, such as hard- 


applications in diesel engine cylinders are mentioned.—R. s. 

Hard Chromium Coating for Ferrous Parts. G. A. Samuel. 
(Product Eng., 1952, 28, Aug., 164-166). The process of 
chromizing is described, and its adaptability to various com- 
ponents is compared with chromium plating and stainless 
steels. Curves are given showing the variation of coating 
thickness and chromium content with the process temperature 
and the variation of carbon content with distance from the 
surface. The effects of alloying elements in the steel are also 
discussed.— a. M. F. 

The Improvement of the Properties, especially the Throwing 
Power, of Nickel Baths, with the Help of Sulphurous Acid and 
its Salts. H. Komusaari. (Metalloberfliiche, 1952, 4, Nov., 
B162—8163). During the bright nickel plating of projectors 
at low current density, trouble was encountered with dull 
or unplated areas. This was completely eliminated by the 
use of sodium and magnesium sulphites.—t. H. 

Substitutes for Nickel Plate. (Hleciroplating, 1952, 5, Nov., 
361-366). A tabular summary of answers to a questionnaire 
relating to industrial experience of plated finishes as alter- 
natives for nickel is given and some conclusions are drawn. 

The Effect of Temperature on the Cathode Potential During 
Nickel Plating. D. KR. Turner. (J. Electrochem. Soc., 1953, 
100, Jan., 15-21). 

Physical Properties of Electrodeposited Metals. I. Nickel. 
8, The Effects of Plating Variables on the Structure and Pro- 
perties of Electrodeposited Nickel. A. Brenner, V. Zentner, 
and C. W. Jennings. (Plating, 1952, 39, Aug., 865-927, 933 ; 
Nov., 1229-1230). Work carried out at the National Bureau 
of Standards during the last five years on this project is 
described. Some 2600 deposits have been prepared from 20 
different types of nickel bath. Data on many properties are 
tabulated and discussed. (209 references).—s. P. 

Properties of Electrodeposited Nickel. (Metal Finishing, 
1952, 50, Dec., 59-62 ; Metal Ind., 1953, 82, Jan. 16, 47-48). 
The work of the National Bureau of Standards over the past 
five years on the properties of electrodeposited nickel is 
reviewed.—J. P. 

Automatically Controlled Galvanizing Kettles. (Metal Ind., 
1952, 81, Oct. 31, 349, 350). A pneumatic and an electrical 
automatic control system for metal galvanizing are described. 
Whether pneumatic or electric controllers are used depends 
on working conditions, and on the accuracy of control desired. 
For small and medium sized plants the pneumatic system 
may be preferable for batch processing, but the electric 
system can also be used for both batch and continuous. 
methods.—?. M. Cc. 

Galvanizing of Thin Sheet and Processing into Corrugated 
and Deep-Drawing Sheet. H. Riickemesser. (Metall, 1952, 
6, Nov., 695-697). This is a description of an installation for 
the processes listed in the title, for galvanizing 1 x 2 m. 
sheets with a monthly output of 2250-2700 tons. It is noted 
that baths with aluminium additions give a smoother surface. 

Zinc Economy Trials in an Industrial Hot-Dip Galvanizing 
Plant. D.N. Fagg and N. B. Rutherford. (Sheet Metal Ind., 
1952, 29, Dec., 1117-1125). Full details are given of works 
trials in which a 27% saving in zine consumption was achieved 


‘“\ by simple alterations in galvanizing practice. The saving was 


made up by 15% from reduced pick-up (i.e., a thinner but still 
adequate coating), 8% from reduced dross formation (by 
removal of pickle salts by prewashing) and 4% from recovery 
treatment of ash.—P. M. c. 

An Analysis of Metal Coatings. R. A. Schaus. (Western 
Metals, 1952, 10, June, 56-59). The author describes the 
hot dip and electrolytic galvanizing processes.—P. M. C. 

Notable Galvanizing Pots. H. Bablik. (Metall, 1952, 6, 
Sept., 513-515). The author describes pots which he saw in 
Sweden at the tube mill of Wirsbo Bruks A.B., and the wire 
mill of Skyllbergs Bruk. All these are electrically heated. 

From Hot-Galvanizing Practice. A. Roller. (Metall- 


ness, abrasion resistance, erosion resistance, hot hardness, ji oberfliche, 1951, 8, Oct., 8154-8155). The following points 
creep, and compression strength of chromium carbide hard-¥ are briefly dealt with: The preparation of castings for gal- 


facing alloys is reported.—v. E. 

Note on Chromizing Iron. H. Buckle. (Recherche Aéro- 
naut. 1952, July—Aug., 61-62). This theoretical study of the 
diffusion of chromium in iron takes account of the fact that the 
two coexistent phases have different diffusion coefficients. 

Recovery of Worn Parts by Low-Temperature Electrolytic 
Chromium Plating. (Zecn. e Industr., 1952, 80, Sept., 925- 
926). [In Spanish]. Details are given of bath compositions 
for and the chief properties of chromium plating. Some 
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vanizing, including treatment with hydrofluoric acid; methods 
of galvanizing; sherardizing; and recovering zinc.—t. H. 

Cyanide Zinc Baths and Their Most Recent State of Develop- 
ment. H. W. Dettner. (Metalloberfliiche, 1951, 8, Oct., 
B145-8148). The chemical reactions of a cyanide zine bath 
are discussed, with the effects of varying bath compositions 
on the character of the zinc deposit. Some American examples 
are given, with the composition of the bath, the temperature, 
and current density. (36 references).—. H. 
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Innovations in the Foreign Hot-Galvanizing Industry. H. 
Bablik. (Metalloberfliiche, 1951, 5, Oct., A145-a150). Recent 
improvements in hot-galvanizing technique, particularly in 
the U.S.A., are discussed. American practice in the galvanizing 
of cold-worked strip is first described, and the use of zinc 
alloyed with aluminium is dealt with. Developments in wire 
galvanizing and the possibilities of electric heating furnaces 
are outlined.—t. H. 

Treatment of Zinc-Bearing Residues from Hot-Dip Gal- 
vanizing. R. Haarmann. (Metall, 1952, 6, July, 363-369). 
Methods of minimizing the formation of zinc dross, ammonium 
chloride, and other residues of hot-dip galvanizing, and 
methods of zinc recovery are enumerated.—J. G. w. 

Experiments on Zinc Recovery from Residues and the 
* Quality’ of the Recovered Metal. N. B. Rutherford. 
(British Non-Ferrous Metals Res. Assoc. : Sheet Metal Ind., 
1958, 80, Feb., 119-134). The author describes experiments 
on the recovery of zine from galvanizing bath dross by decan- 
tation, decantation-filtration, pressure filtration, and by treat- 
ment with aluminium. The yield of zinc improves with the 
process in the order shown above. Recovery from ash by 
crucible treatments, and by simple stirring treatments in the 
galvanizing bath itself are also discussed. Such methods are 
reasonably efficient, although treatment in a relatively large 
rotary crucible furnace is to be recommended for large-scale 
work. (27 references.)—P. M. Cc. 

Small Parts Barrel Through Plating. H. Chase. (Steel, 
1953, 182, Feb. 23, 88-90). Three Stevens barrel zine plating 
machines are in use at Ford Motor Co’s River Rouge plant, 
each of which processes approximately 3000 Ib. of parts an 
hour ; their working is described. Once the parts are fed into 
the plating baskets they automatically go through the many 
operations until discharged to go to the drier.—D. L. Cc. P. 

Instantaneous Tinplate Gauge. M. Lorant. (Sheet Metal 
Ind., 1953, 30, Feb., 114). By using X-rays to generate a 
small area of fluorescence in the base metal, the Jones and 
Laughlin Steel Corp. have recently designed and built an 
instrument that gives an instantaneous measurement of the 
tin coating thickness on a fast moving tinplate while it is being 
produced. The method is based on the fact that X-rays of a 
certain (unspecified) wavelength will cause fluorescence in the 
steel sheet but not in the tin coating.—P. M. c. 

A Study of the Direct Bonding of a Tin-Base Babbitt Metal 
to Grey Cast Iron. F. T. Smith. (Australasian Eng., 1952, 
Oct. 7, 59-65). This paper deals with the manufacture of 
centrifugally cast Babbitt bearings with grey cast-iron 





‘backings. Bond strength is dealt with in some detail, with 


particular attention to the preparation of the cast-iron surface 
before tinning. Two salt-bath treatments, one of fused zinc 
and sodium chlorides and one of fused sodium and potassium 
nitrates, which reduce the effect of graphite at the surface of 
the iron, are discussed, and an investigation on the bonding 
properties of spheroidal graphite cast iron is also recorded. 
(10 references. )—-P. M. c. 

Tinplate—Some Recent Developments. R. C. Powell. 
(Proc. Ebbw Vale Met. Soc., 1952, 2, 29-49). This paper gives 
a detailed description of the process used at Richard Thomas 
and Baldwins’ Ebbw Vale works, mentioning the recent 
developments, including nitrogen control at the Bessemer 
plant, resulting in a more even ingot for rolling. In the hot 
rolling mill the emphasis has been to produce the correct 
degree of fineness and dispersion of carbide particles. A 
12-hr. anneal is given because, if this is shortened, the Jenkins 
bend test results are adversely affected. The type of mill 
used for the actual temper rolling, and the two-stand tandem 
and unitemper mills (two two-high mills built into one 
housing) are treated in detail. Finally the tin-plating house 
is dealt with.—4J. c. B. 

Trostre Works, Steel Company of Wales. J. S. Gazard and 
G. E. Jones. (Sheet Metal Ind., 1952, 29, Oct., 881-884, 877). 
The hot dip tinning line, and the acid recovery and regenera- 
tion plant are described.—?. m. c. 

Hot Lead Coating. A. Gordet. (Galvano, 1951, 20, Nov., 
18-20; Dec., 19, 20; 1952, 21, Jan., 19, 20; Feb., 17-19). 
A description is given of an experimental pot in which various 
alloys of lead, tin, and antimony have been prepared and 
used to coat mild steel panels. These trial panels were coated 
satisfactorily with a coating weight depending on the alloy 
composition, but no figures are given of the uniformity of 
the coatings. The alloys contained 80-93°% Pb, 7-20 Sn, 
and 0-3°% Sb respectively.—s. P. 
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How Lead-Clad Steel and Copper Extend Lead Applications. 
A. P. Knapp. (Mat. Methods, 1952, 36, Oct., 115-117). 
Lead clad steel (Ferrolum), and copper (Cupralum) enable the 
excellent corrosion resistance of lead to be utilized in processes 
where lead alone would not have sufficient strength or good 
enough electrical properties. Such cladding can be accom- 
plished either by hand ‘ burning’, or pouring the lead on to 
the cleaned and pickled steel or copper sheet. The composite 
material can be rolled or drawn to improve the quality of the 
bond. Several applications are described.—-P. mM. c. 

On the Formation and Properties of the Antimony Coating 
by a Special Cementation Method. H. Kanayama. (Nippon 
Kinzoku Gakkai-Si, 1952, 16, Feb., 100-104). [In Japanese]. 
The coating is formed by heating iron packed in a powder 
(30% Sb, 30% ZnO, 30% C and 10% Na,CO,) at 550-650° C. 
for 30-60 min. There are two layers, one of antimony con- 
taining iron in solid solution, the other of Fe-Sb compounds. 
Process variables, stability of the coating, and corrosion 
resistance were examined. The coating is lustrous and more 
coherent than an electro-plated coating, but is brittle. 

Effect of Carbon Content and Heating Time on Aluminium 
Diffusion into Steels. E. Yajima. (Nippon Kinzoku Gakkai- 
Si, 1952, 16, June, 333-337). [In Japanese]. Under experi- 
mental conditions, the diffusion constant normally falls with 
increase of time, due to concentration changes in the diffused 
metal. In the case of aluminium diffusion into steel, the 
constant decreases due to increase of carbon content. The 
effects of carbon content and heating times are presented for 
a range of steels.—kK. E. J. 

Aluminium Coating—A Review. T. A. Hood. (Plating 
Notes, 1952, 4, Aug., 126-131). The following methods of 
applying aluminium to metal surfaces are discussed : Electro- 
plating, spraying, calorizing, hot-dipping, evaporation, and 
cladding. (15 references).—4. P. 

Composite Metals: A New Key to Design Flexibility. J. 
Ottmar. (Product Eng., 1952, 28, Nov., 153-157. Some of 
the many combination of bonded metals are reviewed. In 
the ferrous field aluminium clad steel has found many uses 
because of its heat reflecting and resisting properties, and its 
ability to resist corrosion at elevated temperatures ; it has 
also been used for bullet jackets to replace gilding metal. 
Stainless clad copper and aluminium have also been developed 
and will have many applications.—a. M. F. 

Applications Extended for Aluminium Bonding. (Product 
Eng., 1952, 28, Dec., 134-137). The Al-Fin process for bonding 
aluminium to steel is briefly described. There are three 
steps : (1) Surface preparation and masking of the base metal ; 
(2) dipping the metal part into an aluminium bath to produce 
the bonded coating ; and (3) casting an aluminium alloy 
against the prepared surface. Applications include brake 
drums, air-cooled cylinders, steel-backed aluminium bearings, 
cooling ware, piston ring carriers, and other parts.—a. M. F. 

Aluminized Coatings. M. G. Whitfield and V. Sheshunoff. 
(Machine Design, 1952, 24, May, 139-140). Aluminized 
coatings for cast iron and steel offer effective low-cost heat 
and corrosion protection. Details of processing, properties 
and finish, applications, and cost of coatings are given.—E. C. Ss. 

Flame Plating: Wearing Parts Get Longer Lease on Life. 
(Steel, 1952, 181, Sept. 29, 82-86). Flame Plating Applies 
Hard Surface. (Product Eng., 1952, 28, Oct., 200-201). 
New Process Permits Many Metals To Be Tungsten Carbide 
Coated. (J. Met., 1952, 4, Oct., 1036-1037). A brief descrip- 
tion is given of the ‘ Flame-Plating ’ process of applying thin 
coatings (0-0005-0-020 in.) of tungsten carbide to most 
metals. A basic advantage of the process is that the base 
metal does not exceed 400° F. during the operation.—«. F. 

Electric Metallization Apparatus of High Productivity Type 
‘EM-4°, (Stanki i Instrument, 1951, No. 11, 34). [In 
Russian]. An improved type of electric metal-spraying 
apparatus is described ; it can deposit at the rate of 6 kg./hr. 
with steel and of 12 kg./hr. with zine.—-s. kK. 

Aluminizing Protects Metals at Elevated Temperatures. 
L. E. Kunkler. (Mat. Methods, 1952, 86, Oct., 210, 212, 214). 
The method of applying an adhesive coating of aluminium to 
steel by spraying from a wire gun, followed by a bonding heat- 
treatment, is briefly outlined.—p. M. c. 

Protection of Tubular Structures from the Weather by 
Metallizing. A. Clift. (Metal Progress, 1952, 62, Nov., 100- 
104). A description of a machine for the application of either 
aluminium or zine coatings to steel tubing is given. The 
machine consists of a ‘ Wheelabrator’ grit descaler in line 
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with two banks of metal-spraying burners. The tubes are 
fed through the machine by power driven rolls which rotate 
and convey the tube through the unit. The treated tubes 
may be welded at a later stage and in this case the weld and 
the adjacent areas are recoated using a portable metallizing 
gun. The advantages of metallic coatings over other forms 
of protection are discussed.—B. G. B. 

Electro-Deposited Rhodium. (Times Rev. Ind., 1953, 7, 
Feb., 30). A brief outline is given of the uses of rhodium 
plating. They include electric contacts, reflectors, surgical 
instruments, and other applications where cleanliness and 
freedom from tarnish is essential. For plating iron and steel, 
a preliminary coating of silver is required.—t. E. D. 

Newly Developed Electrolytic Iron Builds Up Worn Bearing 
Surfaces. (Western Metals, 1952, 10, Jan., 31, 32). The 
article describes the Vanderloy M technique developed by 
Van der Horst Corp., U.S.A., for building up worn bearing 
surfaces by the electro-deposition of iron. The process is of 
great value where the thickness of the required deposit is 
large. Hard chromium deposits, which have a thickness 
limit of about -030 in., can be applied on top of the iron layer. 

Recent Developments in Protective Coatings. A. G. Gray. 
(Metal Progress, 1952, 62, Nov., 90-93). A number of com- 
mercial methods for electroplating aluminium are first dis- 
cussed ; details of the plating solutions and techniques are 
given. Aluminium-coated steel has shown a high resistance 
to rusting in industrial and sea-coast exposures. An 80/20 
Sn/Zn alloy deposit is now being used extensively and is very 
resistant to corrosion. The formation of a coating of molyb- 
denum silicide on molybdenum strip has been found to give 
protection against oxidation at high temperatures.—B. G. B. 

Thin, Ductile Carbide Coatings Possible with New Method. 
F. E. King. (Mat. Methods, 1952, 36, Oct., 112-114). 
Tungsten-carbide/cobalt deposits can now be applied to 
metallic surfaces in the form of thin coatings by a new 
process called ‘Flame Plating’. Coatings from 0-0005 to 
0-020 in. can be deposited on most metals. No details of the 
actual process are yet available.—P. M. c. 

Clad Steel Plate. H. Kalpers. (Osterr. Masch. Elektrowirt- 
schaft, 1952, 7, June, 239-243). Steel can be clad by rolling 
with copper and its alloys, nickel and its alloys, silver, or 
special rust-resisting, acid-resisting, and wear-resisting steels. 
Some of the processes used in manufacture and the properties 
of the clad metals are described.—n. R. M. 

Neoprene Protective Coatings. L.S. Bake. (Product Eng., 
1952, 23, Aug., 138-139). A new brushable neoprene solution 
that can be cured at room temperatures, and has a solids 
content of 60 to 70%, is described. The surface finish pro- 
vided, which can be several coats, gives excellent chemical, 
oil, and abrasion resistance. 

Some Newer Organic Protective Coatings. D. Busker. 
(Product Eng., 1952, 28, Aug., 167-174). Recent developments 
in the field of resin-based protective coatings are described. 
These finishes have good resistance to corrosion, heat, abra- 
sion, moisture, and chemicals, as well as flexibility, adhesion, 
and good colour retention.—a. M. F. 

Surface Protection with Synthetic Materials. H. Peukert. 
(Metall, 1952, 6, Sept., 517-518). The author discusses the 
use of sprayed coatings of PIB (polyisobutylene), PVC (poly- 
vinylchloride), and polyethylene for corrosion protection. 

Fundamental Considerations in the Lacquering of Sheets and 
Metal Castings. F. Reichel. (Metalloberfldche, 1952, 4, Nov., 
B164-8166). A brief outline is given of the various lacquering 
processes, and the type of article treated. The required 
properties of the lacquers, and conditions of their applications, 
are indicated.—t. H. 

The Dependence of Grain Size of Sprayed Metal Coatings on 
the Conditions of Spraying. P. Kuch. (Metalloberfliche, 1951, 
5, Sept., a129-al33). Experiments are described on the 
spraying of steel test sheets with various metals, including 
various steels, copper alloys, aluminium and zinc, under 
standardized conditions. The influence of these conditions on 
grain size was studied in a large number of cases, and the 
results evaluated statistically.—t. H. 

New Look at Ceramic Coatings. W. A. Barrows. (Chem. 
Eng., 1952, 59, Oct., 270-273). Porcelain enamel and ceramic 
coatings in jet engines and in the chemical industry are 
briefly discussed. Temperatures of up to 1800° F. can be 
sustained, and the coatings are usually applied to cast iron, 
cold-rolled steel, and more recently to stainless steels.—t. E. D. 
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New Developments in Porcelain and Ceramic Coatings. P. 
O’Keefe. (Mat. Methods, 1952, 35, May, 87-89). The develop- 
ment of one-coat porcelain enamels for low temperature use 
has been made practical by the introduction of titanium type 
frits. These one-coat finishes can be restricted to 0-003 in. 
in thickness, thus giving better chip-resistance than con- 
ventional multicoat enamels. In the high temperature field 
several new ceramic coatings containing alumina, barium, 
and chromic oxides have been developed for the coating and 
protection of steels.—P. M. c. 

More About Ceramic Coatings. (Product Eng., 1952, 28, 
Oct., 134-141). Ceramic coatings developed by the National 
Bureau of Standards and the Solar Aircraft Co. to protect 
metals subjected to elevated temperatures and corrosive con- 
ditions are discussed. Three N.B.S. coatings are used in 
production. One is for use on carbon steels and has a soften- 
ing temperature of 1100° F. ; the other two, which contain 
refractory chromic oxide, are for use on stainless and other 
alloys and can be used for temperatures above 2000° F. 
There is also a base coating for strain gauges which can then 
be used for temperatures up to 1500° F.—a. M. F. 

Porcelain Coatings: Ingenuity is the Progress Factor. W. A. 
Barrows. (Steel, 1953, 182, Jan. 12, 72-74). The technique 
of applying porcelain enamel coatings is briefly described. 

A Modern All-Electric Enamelling Works. W. Kuttler. 
(Elektrowdrme Techn., 1952, 8, Oct., 107-111). An illustrated 
description of a modern German enamelling works is given. 

Ceramic Coatings. J. V. Long. (Machine Design, 1952, 
24, May, 122-126). The Solaramic process of ceramic coating 
enhances metal life by reducing oxidation and intergranular 
corrosion and by stabilizing metal surfaces ; thus extending 
operating life at elevated temperatures and offering direct 
savings in alloys for jet engine parts.—®. C. s. 

Finishing Refrigerators with Hot Sprayed Enamel. F. L. 
Bonem. (Products Finishing, 1953, 17, Feb., 24-38). The 
methods are discussed by which Philco refrigerators are 
finished. The steel cabinets are cleaned, phosphatized, 
primed, baked, and finished by spraying with hot enamel. 

High Temperature Ceramic Coatings for Chemical Use. 
W. A. Barrows. (Products Finishing, 1953, 17, Feb., 38-42). 
The possibilities of the use of acid- and alkali-resistant porce- 
lain enamels, suitable for temperatures up to 1600-1800° F., 
are briefly discussed. No compositions are given.—J. P. 

Metallic and Wrinkle Finishes. M. Reeves. (Metal Ind., 
1952, 81, Oct. 24, 329, 330). Early difficulties in the produc- 
tion of wrinkle paint finishes are outlined, and the great 
advances made in this field with the introduction of tung 
oil are discussed. This type of finish is applicable to all 
metallic surfaces, and is completed in only one spraying and 
stoving operation.—P. M. Cc. 

Controlled Atmosphere Tempering. H. N. Ipsen and D. R. 
Mathews. (Metal Progress, 1952, 62. Oct., 123-128). The 
principle of the controlled oxidation of steel surfaces to pro- 
duce a protective oxide film is first discussed. The operation 
of several industrial units for tempering, which can give either 
a bright or oxidized finish is described.—B. G. B. 

Works Tests on a Plant for Electrostatic Oiling of Steel 
Tubes. O. Schaffer and W. Feldmann. (Stahl u. Eisen, 
1952, 72, Dec. 18, 1662-1665). A new electrostatic spraying 
process for oiling or painting tubes and sections is described; 
in this, the sprayed coating material is attracted to the 
surface. The plant will coat tubes up to 2 in. in dia. at 
500 ft./min. The advantages of the process as compared 
with hand oiling are reductions of 80% in wage costs, 50% in 
oil consumption, and 60% in space requirements. A hydro- 
meter type balance has been developed for measuring the 
weight of coating applied.—4. P. 

American Specifications for Phosphate Coatings. (Product 
Finishing, 1952, 5, Oct., 49-53). A number of processes 
approved by U.S. military and naval authorities are specified. 

Radiometric Evaluation of the Effectiveness of the Chromic 
Acid Rinse Treatment for Phosphated Work. 8. L. Eisler 
and J. Doss. (Metal Finishing, 1952, 50, Dec., 54-58, 69). 
Radiometric and salt-spray tests have shown that phosphoric 
acid in the rinse improves the rate of adsorption. The opti- 
mum concentration for the rinse solution is 0-30 oz. CrO3 per 
gall. or 0-16 oz. CrO, + 0-16 oz. HjPOy, per gall. The pH 
of the solution should be maintained as close to 2-0 as possible. 
The amount of chromic acid adsorbed varies with the CrO , 
content of the solution, but not proportionately.—,J. Pp. 
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Application of Plastics in Industrial Fabrications, Linings 
and Coatings. I. V. Evans. (Indust. Finishing, 1952, 5, 
Oct., 176-184 ; Nov., 276-282). A survey is made of the 
uses of plastics for items of chemical and general industrial 
plant (where corrosion resistance is important), ducts, 
engineering applications, and linings and coatings of tanks. 
Properties, applications, and fabrication methods are de- 
scribed for polyvinyl chloride, polythene, phenol formalde- 
hyde and furane plastics, bonded glass fibres, synthetic 
rubbers, and many plastics. The uses of plastic materials 
incorporated in paints, varnishes, and corrosion-resisting 
cements are briefly reviewed. (28 references).—k. E. J. 

Rubber-Base Coating Resists Abrasion at High Aircraft 
Speeds. B. G. Floersch. (Mat. Methods, 1952, 86, Nov., 
184, 186, 188). The importance of a very smooth durable 
skin on external fuel tanks for high-speed aircraft is em- 
phasized. A rubber-base compound containing powdered 
aluminium has been developed by the Ryan Aeronautical Co. 
U.S.A. The compound is sprayed, dried, and finally hand 
sanded to the required smoothness.—?. M. C. 

Asphaltic Coatings Can Reduce Corrosion. K. N. Cundall. 
(Chem. Eng., 1952, 59, Nov., 284-286). A recently developed 
mineral-armoured mica-filled asphaltic coating which can be 
applied cold, a waterproofing fluid for mixing with cement, 
and a resistant asphaltic floor coating are briefly described. 

Corrosion Protection by Metalising. H. Biel. (Werkstoffe 
Korrosion, 1951, 2, May, 182-185). Metal-spraying processes 
are briefly surveyed, and the necessary conditions and pro- 
perties of the metal are outlined. Experiments in the use of 
aluminium, lead, and zine coatings are described.—t. H. 

Metal Spraying of Steel for the Building-up of Worn Parts. 
R. Corbett. (Electroplating, 1952, 5, Dec., 427-431). Methods 
of surface preparation, pistols and procedures employed in the 
deposition of steel by the wire process are discussed.—J. P. 

Metal Spraying in the Reclamation of Worn Engine Parts. 
D. E. Harris. (Diesel Engineers of Australia: Australasian 
Eng., 1952, July 7, 58-61). The principle of metal spraying 
using the wire type spraying pistol is described, and the 
application to the building up of worn components is outlined. 

Studies with Ceramic Materials and Composite Materials 
Destined for the Manufacture of Engine Parts. Y. Le Sech 
and J. Tonachella. (Métaux-Corrosion—Indust., 1952, 27, 
Dec., 495-505). The results of tests to determine the mechan- 
ical properties of ceramic materials are described. The tests 
were carried out on two types of material, one, of the porcelain 
type, having a vitreous phase, and the other a wholly crystal- 
line material. Ceramic coatings for the protection of metals 
at high temperatures are also discussed.—B. G. B. 

Porosity of Paint Films.— Water Vapor Adsorption and Per- 
meability. S. Ekhaus, I. Wolock, and B. L. Harris. (Ind. 
Eng. Chem., 1953, 45, Feb., 426-428). 


POWDER METALLURGY 


A New Method for the Reduction of Iron Powders. H. 
Siepmann. (Stahl u. Eisen, 1953, 78, Mar. 12, 360-364). 
The reduction of iron powders, to render them suitable for 
use in sintering, is best carried out by an expanded bed 
technique. Equipment is described in which the reducing 
gases are passed through a porous plate of sintered iron into 
the reaction chamber. The expansion of the bed of powder 
allows rapid reduction over the whole surface of the particles 
and prevents sintering during processing. Plant for con- 
tinuous reduction and cooling in a reducing atmosphere is 
described. In a trial plant, the oxygen content of a powder 
has been reduced from 3% to 0-2-0-4°%. The advantages 
of the process are discussed.—J. P. 

Testing of Metal Powders. R. Schwalbe. (Stahl u. Eisen, 
1952, 72, July 17, 898-903). Methods for characterizing the 
properties of metal powders are summarized and chemical, 
geometrical, and powder metallurgical tests are described. 
A test report form is proposed.—J. P. 

Applicability of Sulphur-Impregnated Sintered Iron Powder 
as a Bearing Material. G. Maassen. (Stahl u. Hisen, 1953, 
78, Feb. 12, 219-222). Sintered iron powder, impregnated 
by immersion in molten sulphur, has been shown to possess 
better bearing properties than sintered iron bearings produced 
to date, particularly under high loads, high relative speeds, 
when bearings get hot, in continuous operation, where solvents 
for grease are encountered, and where external lubricants 
cannot be employed.—.,. P. 
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Iron, The Unique Metal: Powder ees The Unique 
Technique. H. W. Greenwood. (Jron Steel, 1952, 25, De 
12, 559, 632). The author discusses the present position of 
powder metallurgy. He concludes that the developments of 
infiltration and impregnation should open a new era of useful- 
ness for iron and steel parts produced by powder metallurgy 
and for combined metal and non-metal components which 
utilize the special properties of each.—e. F. 

Sintering of Ultrafine Ferromagnetic Powders. N. I. 
Ananthanarayanan and J. F. Libsch. (Trans. Amer. Ih 
Min. Met. Eng., 1953, 197 ; J. Met., 1953, 5, Jan., 79-80). 
The authors show that the progress of the sintering of very 
fine ferromagnetic powders can be followed by measurement 
of the coercive force, which is very high in powder particles 
and very low in the solid metal. They suggest that the 
property of electrical resistivity, which changes similarly, 
could be used as a parameter for non-ferromagnetic materials 

Structural Transformations in Iron-Graphite Mixtures 
during Sintering. V. E. Likhtman and IL. N. Smirnova. 
(Doklady Akademii Nauk S.S.S.R., 1952, 86, 6, 1151-1153). 
[In Russian]. Sintering of iron—-graphite mixtures in vacuum 
(10-5 mm. Hg) at 1000°C. for 1 hr., and in nitrogen at 1100° C. 
for 10 min. was investigated. Structural changes during 
sintering are outlined.—v. G. 

Powder Metallurgical Research. W. R. Pitkin and D. J. 
Jones. (Bulletin Inst. Metals, 1953, 1, Feb., 157-161). A 
number of examples of research work carried out on the 
fabrication and performance of heated tungsten filaments, 
produced from powders, are given. The investigation of a 
tungsten-nickel-copper alloy, the examination of the expan- 
sion characteristics of nickel-iron and similar alloys and the 
study of the properties of metals that are completely immis- 
cible have been carried out on samples produced by powder 
metallurgy.—B. G. B. 

Oxidation Products Which Contribute to the Oxidation 
Resistance of Ti C-Base Cermets. H. M. Greenhouse. (./ 
Amer. Ceram. Soc., 1952, 35, Oct., 271-274). Two methods 
of minimizing the oxidation of Ti ¢ \.base cermets are discussed. 

Porous Stainless Steel Filters. (Machinist, 1952, 96, Dee. 
27, 2095-2096). Filters for air lines, pharmaceutical products, 
and a variety of other industrial and scientific uses can now 
be made by compacting and sintering a low-carbon stainless 
steel powder. These new stainless steel filters have been 
developed by the B.S.A. Group Research Centre.—®. ¢. s. 

Powder Metallurgy in the Manufacture of Clocks and 
Mechanisms. F. Lux. (Metal Powder Assoc., Proc. 8th 
Annual Meeting, Apr. 29-30, 1952, 20-26). Powder metal- 
lurgy has been successfully employed to manufacture oil- 
impregnated iron pinions, hammers, rollers, and gears. Parts 
have been redesigned, often of simpler shape, and uniformity 
has been improved in many instances, compared with con- 
ventional methods. <A saving of 50°, in costs has resulted. 

Aspects of Powder Metallurgy in National Defence. J. D. 
Dale. (Metal Powder Assoc., Proc. 8th Annual Meeting, Apr. 
29-30, 1952, 31-35). The application of powder metallurgy 
methods to the manufacture of various items of military 
equipment is effecting considerable cost savings. Physical 
and mechanical properties required are discussed for impreg- 
nated iron shell rotating bands, components of fuses, 0-50 in. 
calibre cartridge cases drawn from sintered iron and 20 mm. 
solid projectiles.—k. E. J. 

Carbides—Machining and Ordnance Applications. M. F. 
Judkins. (Metal Powder Assoc., Proc. 8th Annual Meeting, 
Apr. 29-30, 1952, 53-58). Details are given of the production 
of complex shapes in parts of sintered carbide or other hard 
metal by ‘Method XX’: electrical energy is used to remove 
metal at low temperature and an accuracy of --0-0005 in, is 
possible. Dies, nozzles, and cavity pieces can be produced 
from material previously considered unmachinable.—k. rE. J. 

Characteristics - Sonenet Iron Powders for the Electronic 
Core Industry. G. Altmann. (Metal Powder Assoc., Proc. 
Sth Annual Tisha “Apr. 29-30, 1952 60-4). The 7 prop r- 
ties of carbonyl iron powders are related to their mode of 
formation. The spherical shape is responsible for absence of 
shape anisotropy and high inter-particle insulation. Other 
valuable properties are a hysteresis, low leakage, and low 
eddy current losses.—kK. E. 

Characteristics of Sipdecgen Reduced Iron Powders for the 
Electronic Core Industry. K. H. Rodrian. (Metal Powder 
Assoc. Proc. 8th Annual Meeting, Apr. 29-30, 1952, 65-7), 
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Careful control of reduction conditions ensures powder soft- 
ness, controlled particle size distribution, low carbon, sulphur, 
and nitrogen contents, and good moulding properties. 
Optimum magnetic properties result from particle insulation, 
through oxide films and/or binders.—kx. E. J. 

Characteristics of Electrolytic Iron Powders for the Elec- 
tronic Core Industry. W.M. Shafer. (Metal Powder Assoc., 
Proc. 8th Annual Meeting, Apr. 29-30, 1952, 68-71). Mag- 
netic properties obtainable from electrolytic powders are 
listed. The particle size range limits their use to low fre- 
quency ranges. The powder has very high purity, and its 
flaky nature may be utilized to obtain directional permeability 
and eddy current loss characteristics from orientation during 
pressing.—kK. E. J. 

Magnetic Powder Cores for Military Communication Equip- 
ment. E. Both. (Metal Powder Assoc., Proc. 8th Annual 
Meeting, Apr. 29-30, 1952, 73-82). Many grades of powder 
and methods of manufacture introduce variations in powder 
core properties. Comparative tests were made on tuning 
ranges, temperature coefficient of permeability, ageing at ele- 
vated temperature, and moisture resistance. Some materials 
were found to be unreliable for stressed environmental con- 
ditions in military equipment. The manufacturing process 
rather than powder grade affected the stability of the core 
materials. 

Progress in Powder Metallurgy in Europe. W. D. Jones. 
(Metal Powder Assoc., Proc. 8th Annual Meeting, Apr. 29-30, 
1952, 84-89). A survey is made of current activities in 
powder metallurgy in Europe and South Africa. Interesting 
developments concern high-temperature testing by emission 
microscope, improved carbide grades and applications, pro- 
duction of sheet and wire, magnets, heavy alloys, high- 
temperature alloys, and impregnated bearings not requiring 
additional lubricant.—x. E. J. 


PROPERTIES AND TESTS 


Ipsenlab Provides Additional Service to Customers. (Indust. 
Heating, 1952, 19, Dec., 2292-2296). The work of a new 
laboratory (Ipsenlab of Rockford, Inc.) in developing new 
techniques and testing the latest methods and equipment for 
the treatment of metals is described.—. G. B. 

Autographic Load/Strain Recorders. A. Binns. (Bulletin 
Inst. Metals, 1953, 1, Feb., 166-168). A description is given 
of a high-magnification recorder for automatic determination 
of load/strain curves. The extensometer is of the standard 
Hounsfield type but instead of the micrometer drum being 
rotated by hand to maintain contact with the specimen as it 
extends, this is done electrically.—n. G. B. 

A Study on the Bending Test. (1). S. Muromachi, H. Inoui, 
and K. Moriyama. (Nippon Kinzoku Gakkai-Si, 1952, 16, 
July, 369-373). [In Japanese]. Bending tests were carried 
out on various sizes of 13°%,-Cr steel. The procedure was : (1) 
Plastic bending ; (2) specimen radius contacts jig radius ; (3) 
bending angle increases to 150° ; and (4) bending continued to 
180°. The results are used to derive theoretical expressions 
for bending behaviour.— x. E. J. 

Brittle Strength and. Transition Temperature of Structural 
Steel. W. C. Hoeltje and N. M. Newmark. (Welding J., 
1952, 31, Nov., 515s-521s). Test data are given regarding 
strength and transition temperature from wide plate tests. 
These are related primarily to a variable p (the ratio of the 
radius at the root of the notch to the net cross-sectional area 
of the specimen). It was found that the brittle strength 
shows a general tendency to increase with a corresponding 
increase of p. The transition temperature tends to remain 
practically constant for all values of p, less than some critical 
value, whereas above this critical value transition temperature 
appears to drop as p increases.—v. E. 

On the Yielding of Twisted Steel Bar. N. Tishihara and S. 
Taira. (Mem. Fac. Eng. Kyoto Univ., 1951, 18, July, 128- 
138). [In English]. The yielding of steel proceeds by the 
progressive appearance of flow layers. The yielding of a 
twisted bar is explained as a particular example of yielding 
under uneven stress distribution. Results of measurement of 
stress in a bar subjected to torsion show that yielding is by 
the same mechanism as in bending of a beam, and the same 
analytical treatment may be applied.—x. E. J. 

Metallurgical Activities at Frankford Arsenal. D. J. 
Murphy. (Metal Progress, 1952, 62, Aug., 67-72). Basic 
metallurgical research at the Arsenal is described, including 
studies on compression testing, the structure of metals, and 
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foundry practice. Process research is also carried out and 
the fabrication of metals, welding, corrosion, and heat-treat- 
ment are among the studies considered under this section. 
The special metallurgical problems discussed include investiga- 
tions into the improvement of brass cartridge cases and arm- 
our-piercing shot, and the manufacture of steel cartridge cases. 

Strain Patterns in Charpy Impact Specimens Of 0-20 Pct. C 
Mild Steel. E. S. Bumps. (Trans. Amer. Inst. Min. Met. 
Eng., 1952, 194; J. Met., 1952, 4, Oct. 1067-1070). The 
author presents a series of macrographs illustrating the strain 
phenomenon which accompanies the energy transition in the 
Charpy impact testing of a 0-20% C mild steel susceptible to 
strain ageing. The amount of strain is correlated with the 
type of fracture over the transition energy range.—G. F. 

Effect of Fabricating Procedure on the Notch Ductility of 
Steel. H.H. Smith. (J. West Scotland Iron Steel Inst., 1951- 
52, 121-129). The paper considers notch ductility as modi- 
fied by some of the more usual fabricating processes, such as 
cold working, the effect of hard brittle surfaces as can be pro- 
duced by shearing or gas cutting, the effect of coarsening struc- 
ture as in hot working, and of welding. An example of brittle 
fracture due to poor fabrication procedure is described. 

S.A.E. Manual on Shot Peening. (Soc. Automotive Eng. 
SP-84, 1952). This 45-page publication gives detailed infor- 
mation on the shot-peening process, principles of several types 
of peening machines, methods of handling the work, types of 
shot used, methods of measuring peening intensity, and effects 
of peening on fatigue strength. (53 references).—R. A. R. 

The Electronic Stress Gauge. J. R. Cornelius. (Eng. Insp., 
1952-3, 16, Winter, 147-156). The author explains the 
principles involved in the indication of stress by the effect of 
frequency modulation. The natural oscillating frequency of 
a component, which can be measured electronically, is found 
to vary with its stress condition. Experiments on simple 
tensile test pieces are described, and the design of an oscillator 
and indicator are outlined.—?. M. c. 

Strain Gauge Accelerometers and Pressure Transmitters. 
G. O. Haglund. (Product Eng., Annual Handbook of Product 
Design, 1953, 122-125). The mathematical analysis of canti- 
lever beam type accelerometers and low range pressure trans- 
mitters employing bellows are presented. Bonded resistance 
strain gauges are used giving ranges of + 10g. and + 25l]b./sq. 
in. Due to the high stress loading to which the gauges are 
subjected special cement is necessary.—A. M. F. 

Use of Strain Gauges in Steel Foundries. E. Sautereau. 
(Fonderie, 1952, Sept., 3083-3090). After outlining the 
principles of strain gauges, the author describes methods of 
fixing them and their application to wagon wheels tested under 
load.—R. s. 

The Work of N. V. Kalakutskii in the Investigation of 
Internal Stresses. A. I. Monoszon. (Zavodskaya Labora- 
toriya, 1950, No. 4, 490-491). [In Russian]. An account is 
given of Kalakutskii’s work, begun in 1887, on internal stresses 
in steel. Other Russian work in this field is outlined.—s. x. 

The Laboratory for Experimental Stress Analysis of the 
Czechoslovak Academy of Sciences. M. Milbauer. (Stro- 
jirenstvi, 1953, 3, 1, 25-30). [In Czech]. A description of 
some of the equipment is given, together with results obtained 
by the birefringent method of stress analysis on models of 
crankshafts.—?. F. 

The Measurement of Internal Stresses by X-Rays. A. 
Guinier. (Métaua—Corrosion—Indust., 1953, 28, Jan., 1-7). 
The principles underlying the use of X-rays for the measure- 
ment of internal stresses in metals are reviewed. The 
theoretical relationship between the diffraction of the X-rays 
and the internal stresses in the specimen are calculated for 
three different methods of using the technique. Only a very 
small part of the surface is examined at any one time and it is 
possible to follow variations in the internal stresses of a sample 
1mm. xX 1mm. By the simultaneous use of a strain gauge 
and X-rays it is possible to differentiate between plastic and 
elastic deformation which occur in samples under load. 

The Production of Large Tensile Stresses by Dislocations. 
J. S. Koehler. (Phys. Rev., 1952, 85, Feb. 1, 480-481). 
Calculations show that edge-type locked dislocation arrays 
have large tensile stresses associated with them; the maximum 
value is calculable. Results are important in connection with 
ductile fracture, fatigue, and precipitation.—k. E. J. 

The Complete Determination of Residual Stresses in Hollow 
Cylinders. H. Biihler and W. Schreiber. (Z.V.d.I., 1952, 
94, Dec. 11, 1147-1151). The authors have devised a 
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technique whereby the Sachs method of residual stress mea- 
surement can be extended to the full wall thickness of hollow 
and solid cylinders, and they illustrate it by means of 
measurements on heated and quenched brass and medium 
carbon cylinders.—J. G. w. 

A Dislocation Model for the Study of Boundary Phenomena 
and Deformation in Metals. W. I. Pumphrey. (Nature, 
1953, 171, Jan. 31, 218). A more robust version of the bubble 
model of Bragg for the investigation of dislocation phenomena 
is described ; it utilizes short lengths of steel rod with the cut 
ends vertical.—a. G. 

Investigation of Failures in Railroad Rails. R. E. Cramer. 
(Univ. of Illinois Bull., Eng. Experiment Station Reprint Series 
No. 49, June, 1952, 3-8). A short report is presented con- 
cerning the failure of a number of American rails in service. 
Fifty-two failures are examined.—. G. B. 

Tenth Progress Report of the Rolling-Load Tests of Joint 
Bars. R.S. Jensen. (Univ. of Illinois Bull., Eng. Experi- 
ment Station Reprint Series No. 49, June, 1952, 8-23). The 
results of rolling-load tests on railway joint bars are tabulated 
and compared with the performance of rails under service 
conditions. The relation between tensile strength, Brinell 
hardness, and yield point of the specimens examined is 
discussed.—B. G. B. 

Tenth Progress Report of the Shelly Rail Studies at the 
University of Illinois. R.E.Cramer. (Univ. of Illinois Bull., 
Eng. Experiment Station Reprint Series No. 49, June, 1952, 
23-36). Repeated cradle-type rolling tests on two specimens 
of Mn-Cr-V steel rails indicate that these may be several times 
as good as standard carbon steel rails. A heat-treated carbon 
steel rail was found to be as good as the alloy steel rails. 
Rolling load tests were also carried out on high silicon rails, 
nickel alloy bars and rails, and flame-hardened rails but the 
results were not as good as those obtained with the Mn-Cr—V 
steel or the heat-treated carbon steel rails. Stainless steel 
insets placed in a rail head to indicate the flow of the steel 
were found to act as stress raisers causing premature failure. 
Typical detail fractures from shelling have been produced by 
a new design of rolling machine which is described.—B. G. B. 

Service Failures of Castings Subjected to Fatigue Stresses. 

de Leiris. (Fonderie, 1952, Oct., 3125-3129). After 
describing some fatigue ruptures in service, the author in- 
dicates which particular conditions must be met by castings 
subjected to fatigue stresses. Main causes of failure are 
porosity and local defects in highly stressed regions.—R. s. 

The Physical Nature of Fatigue. L. A. Glikman and V. P. 
Tekht. (Doklady Akademii Nauk S.S.S.R., 1952, 86, 4, 699- 
701). [In Russian]. The physical nature of fatigue was in- 
vestigated on carbon and stainless steel (with fatigue limits of 
23 and 33 kg./sq. mm. respectively) using mechanical and 
X-ray methods, and fatigue curves were constructed.—v. G 

Fatigue Testing under Progressive Loading. M. Prot. (fev. 
Gén. Mécan., 1953, $37, Jan., 1-3). The advantages of this 
method of testing is that it is possible to obtain an average 
figure and a dispersion index. Some 88 rotary bend fatigue 
tests results are illustrated graphically. The treatment is 
statistical.—R. s. 

The Strength of Large Bolts Subjected to Cyclic Loading. 
B. Taylor. (Zrans. Inst. Marine Eng., 1952, 64, Dec., 233- 
253). In the first section the author discusses problems of 
design and the effect of prestressing of bolts is considered. 
In the second section the results are given of fatigue tests 
which have been carried out on 3-in. and 1-in. bolts of material, 
manufacture, and design similar to those commonly used in 
heavy marine oil engines. The tests indicated that the 
fatigue strength of large bolts having lathe-cut threads is 
liable to vary over a wide range and the strength of cyclic 
loading may be reduced to only 16% of the load required to 
cause complete failure under static loading. This variation 
is attributed largely to slight inaccuracies in thread production. 
It is concluded that a small reduction in diameter of the 
shank has several advantages, and this practice does not affect 
the fatigue strength of the bolt.—.s. G. B. 

Change in the Limits of Proportionality and Yield Points on 
Repeated Loading. S. I. Ratner and Iu. 8S. Danilov. 
(Zavodskaya Laboratoriya, 1950, No. 4, 468-475). [In 
Russian]. Experiments are described on the changes pro- 
duced by repeated loading on the limits of proportionality 
and yield points of various ferrous and non-ferrous materials. 

The Seat of Fatigue-Failure During Bending. I. V. Sigov. 
(Zavodskaya Laboratoriya, 1950, No. 4, 479-482). [In 


JULY, 1953 


Russian]. An experimental investigation of fatigue failure 
during bending is described, carried out with special reference 
to machine parts working under such conditions that one side 
is subjected only to variable tension and the other only to 
variable compression. Carbon and alloy steels were studied. 
It is conclided that fatigue failure is connected only with 
tensile stress.—sS. K. 

Calculation of Fatigue Strength of Machine Components. 
F. Budinsky and F. Svétnicka. (Strojirenstvi, 1953, 3, 1, 
5-12). [In Czech]. Size and surface effects, and the influence 
of single and of a series of notches on the fatigue strength of 
steel components are discussed. Nomograms for calculating 
permissible stresses in various cases are given, together with 
relevant data for several steels.—P. F. 

Fatigue Testing and Material Behaviour in Alternating 
Stressing. I. Fatigue Tests as a Basis for Stress-Calculation. 
M. Hempel. (Z.V.d.I., 1952, 94, Sept. 1, 809-815). The 
literature on the dependence of endurance and fatigue 
strength on a number of factors is reviewed and discussed. 
(40 references).—J. G. Ww. 

General Survey of the Problem of Fatigue and Fracture. 
M. Gensamer. (Symposium on Fatigue and Fracture of 
Metals, Massachusetts Inst. Techn., June 19-22, 1950, 1-17). 
The range of knowledge concerning fatigue is briefly reviewed. 
The fatigue process is explained in terms of strain hardening 
and damage. The influence of temperature on fatigue and 
fracture is discussed.—k. E. J. 

Brittle Fracture and Fatigue in Ships. F. 
(Symposium on Fatigue and Fracture of Metals, Massachusetts 
Inst. Techn., June 19-22, 1950, 52-71). Nearly 5000 U.S. 
merchant ships were built during the war (1939-45). About 
1000 have sustained fracture. Some findings of a Govern- 
ment Board and Committee of Investigation are presented, 
relating to cleavage and fatigue cracks, design, fabrication, 
and materials. For maximum safety, attention must be paid 
to design, workmanship, and notch-tough materials. (29 
references.)—k. E. J. 

Brittle Fracture and Fatigue in Machinery. R. E. Peterson. 
(Symposium on Fatigue and Fracture of Metals, Massachusetts 
Inst. Techn., June 19-22, 1950, 74-102). Typical machine 
part fractures are classified and described. Design factors 
are surveyed, and consideration of the fatigue notch factor is 
elaborated. A theoretical model of fatigue failure for axial 
stress conditions is presented, and design formule for 
bending conditions are derived. (17 references).—k. E. J. 

Internal Stresses and Fatigue. O. J. Horger and H. R. 
Neifert. (Symposium on Fatigue and Fracture of Metals, 
Massachusetts Inst. Techn., June 19-22, 1950, 103-130). 
Favourable residual stresses may be introduced into design 
members to raise fatigue resistance; in general, cold working 
and thermal processes are used. Incomplete knowledge 
exists concerning the formation, measurement, and utilization 
of these stresses. Results of detailed investigations on solid 
and hollow shafts, stressed in 22 ways, are presented. The 
‘fading ’ of residual stresses is discussed. (12 references). 

Designing for Fatigue. R. L. Templin. (Symposium on 
Fatigue and Fracture of Metals, Massachusetts Inst. Techn., 
June 19-22, 1950, 131-138). In the automobile industry, 
about 90°, of fatigue failures are attributable to design and 
production defects. Design procedures are described gener- 
ally. The correlation of laboratory data with service condi- 
tions, simulated service tests, and means heats unsafe 
stress fluctuations are elaborated.—k. §E. 

The Techniques of Physical Metallurgy for Studying Fatigue 
Damage. J.T. Norton. (Symposium on Fatigue and Frac- 
ture of Metals, Massachusetts Inst. Techn., June 19-22, 1950, 
302-313). A simplified picture of plastic deformation and 
fracture is presented. The significance of results of various 
tests in interpreting fatigue behaviour is discussed. These 
are microscopic examination, X-ray diffraction, damping 
capacity measurement, and determination of changes in 
magnetic properties. All methods indicate aspects of the 
general situation rather then local conditions.—x. FE. J. 

Fatigue at Elevated Temperatures. N. J. Grant. (Sym- 
posium on Fatigue and Fracture of Metals, Massachusetts Inst. 
Techn., June 19-22, 1950, 292-301). Few results are available 
concerning fatigue at elevated temperatures. Results from 
creep and stress-rupture tests, of interest in fatigue, are 
presented for temperature-resisting alloys. Differences in 
low- and high-temperature deformation behaviour and frac- 
ture are discussed. Coarse grain size is stronger at high 
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temperature in creep andstressrupture. A logical programme 
to study fatigue behaviour at elevated temperature is outlined. 

The Influence of Metallographic Structure on Fatigue. P. L. 
Teed. (Symposium on Fatigue and Fracture of Metals, 
Massachusetts Inst. Techn., June 19-2 1950, 252-291). 
Metallographic evidence is given from many ferrous and non- 
ferrous alloys to show the effects of variation in grain size, 
precipitation hardening, inclusions, and residual stresses on 
fatigue behaviour. (34 references).—k. E. J. 

Fundamentals of Brittle Behaviour in Metals. E. Orowan. 
(Symposium on Fatigue and Fracture of Metals, Massachusetts 
Inst. Techn., June 19-22, 1950, 139-167). The classical 
theory of notch brittleness is reviewed. An equation is then 
derived for brittle fracture with spomtaneous crack propaga- 
tion, based on plastic work on the surface layer. Brittle 
strength depends on length of crack at the surface, and there- 
fore decreases during the Charpy-Izod test. It is therefore 
impossible to refer to structures (e.g., ships) having tempera- 
ture limits of brittle fracture without taking account of 
accidental cracks. (27 references),.—k. E. J. 

Experimental Study on Temper Brittleness * Slightly 
Alloyed Carbon Steel. P. A. Jacquet and A. R. Weill. 
(Symposium on Fatigue and Fracture of Metals, Massachusetts 
Inst. Techn., June 19-22, 1950, 168-181). Micrographie and 
X-ray structures, and microhardness, are reported for carbon 
steel containing nickel and chromium, after different heat- 
treatments. Tough and brittle states are recognized; the 
bulk of the matrix is shown to be involved in the transforma- 
tion. Transformation reversibility is confirmed. The effects 
of small molybdenum additions have also been studied. A 
possible mechanism is advanced for temper brittleness. (12 
references).—kK. E. J. 

The Statistical Aspect of Fatigue Failures and Its Consequ- 
ences. W. Weibull. (Symposium on Fatigue and Fracture 
of Metals, Massachusetts Inst. Techn., June 19-22, 1950, 182- 
196). Relationships between number of stress cycles (NV), 
stress (S) and probability of failure (P) are derived statistically, 
and S—N curves are constructed for varying values of P. The 
general aspects of correlation between fatigue test results and 
service behaviour are discussed.—k. E. J. 

A Review of Cumulative Damage in Fatigue. N. M. New- 
mark. (Symposium on Fatigue and Fracture of Metals, 
Massachusetts Inst. Techn., June 19-22, 1950, 197-228). The 
concept of cumulative damage facilitates comparison of be- 
haviour under varying and constant stress amplitude. 
Fatigue behaviour is treated mathematically in terms of 
damage, healing, and residual stress. Experimental results 
are presented concerning cumulative cycle ratios at failure 
and the effects of prestressing.—x. E. J. 

Significance of Transition Temperature in Fatigue. C. W. 
MacGregor. (Smyposium on Fatigue and Fracture of Metals, 
Massachusetts Inst. Techn., June 19-22, 1950, 229-251). 
Various definitions of transition temperature and methods of 
determination are reviewed. Emphasis is placed on the 
Charpy impact and slow-bend test methods. Relationships 
between strain rate and transition temperature are discussed, 
and effects of mechanical and metallurgical factors are sum- 
marized. The significance of transition temperature, with 
and without fatigue stressing, is discussed. (58 references). 

Surface Hardening—Material and Result. (Tekn. Tidskr., 
1953, 88, Jan. 6, 1-6). [In Swedish]. A comparative study 
is made of the economic and qualitative advantages of surface 
hardening by flame, induction, and case-hardening. —G. G. K. 

The Nature of Work-Hardening. J. 8S. Koehler. (Phys. 
Rev., 1952, 86, Apr. 1, 52-59). Interaction- and source- 
hardening are discussed : the latter is important at small 
strains. Experimental stress/strain curves for aluminium 
are calculable. Lamellar structures found by the electron 
microscope are — to single-crystal properties. (32 
references).—kK. E. : 

Brittleness in Steel. A. Villanueva Nufiez. (Cienc. Teen. 
de la Soldadura, 1952, 2, Sept.-Oct., [In Spanish]. Tests to 
determine the sensitivity to ageing of some Spanish plain 
carbon steels are described in order to stress the necessity of 
fixing a type of ageing test for materials to be welded. The 
application of the Schnadt tests to the selection of steels for 
repairing an all-welded ship is explained.—R. s. 

Fundamental Questions of Wear. W. Spath. (Z.V.d.I., 
1952, 94, Sept. 1, 829). The author concludes from a survey 
of wear of motor-car tyres, steel wheels, and cutting tools 
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that materials have a characteristic wear resistance which is 
related to fatigue strength.—J. G. w. 

On the Wear of Nodular Graphite Cast Iron. S. Saitd, K. 
Okabayasi, and T. Tanaka. (Nippon Kinzoku Gakkai-Si, 
1952, 16, July, 404-409). [In Japanese]. Nisihara’s wear 
testing machine was used to determine wear of nodular 
graphitic cast iron used for the cylinder liner of a diesel engine. 
Without lubricant, wear against steel or cast iron was less 
than is found with flaky graphitic cast iron, and good results 
were obtained with oil lubrication. The nodular structure 
with a pearlite matrix has superior qualities to other struc- 
tures.—k. E. J. 

On the Wear of Eutectic Graphite Cast Iron. K. Ogawe. 
(Nippon Kinzoku Gakkai-Si, 1952, 16, July, 382-386). [In 
Japanese]. Tests under standardized conditions showed that 
initial wear of eutectic graphitic cast iron is not so marked as 
that of pearlitic iron: it increases almost proportionately 
with testing time. Under light loading, the wear resistance 
of the eutectic iron is superior, and this material is recom- 
mended for such items as sewinf machine parts.—k. E. J. 

The Wear Resistance of Black-Heart Malleable Iron. (/. 
ad’ Informations tech. des. Industries de la Fonderie, 1952, Dec., 
5-7). A procedure for testing the wear resistance of discs of 
black-heart malleable iron is described and some results are 
reported.—R. A. R. 

Wear-Resisting Cast Iron without Nickel and Chromium 
Additions. W. S. Gudinovicz and L. M. Czerkasov. 
(Przeglad Odlewnictwa, 1952, 2, 12, 400, translated from 
Liteinoe Proizvodstvo, 1952, No. 5, 21). [Im Polish]. Cast 
iron with about 2% of copper instead of nickel and chromium 
for the manufacture of sliding machine parts (axles and bushes) 
was tested with satisfactory results.—-v. c. 

Permanent Magnets and Permanent Magnet Research. 
A.A. Krishnan. (Metal Market Rev., 1952, 5, Nov. 10, 17-21; 
Nov. 17, 17-19 ; Nov. 24, 13-15). The major types of per- 
manent magnet material are classified into three groups : 
Carbide hardening, dispersion hardening, and others ; the 
properties of a number of alloys in each group are discussed. 

Compact Apparatus for the Testing of Permanent Magnets. 
M. L. Gomberg and 8. V. Leushchenko. (Zavodskaya 
Laboratoriya, 1950, 16, No. 4, 499-500). [In Russian]. A 
simple design of magnetometer based on a spiral spring 
dynamometer is described ; it has given satisfactory service 
in the testing of permanent magnets.—s. K. 

Testing: High Frequency Magnet Properties. (Product 
Eng., 1952, 28, Nov., 197-198). The National Bureau of 
Standards has established a primary calibrating standard for 
determining the radio-frequency permeability and loss factor 
of magnetic materials in the range 50 kilocycles to 30 mega- 
cycles. The standard is a coaxial line of variable length 
constructed to dimensions of extremely high accuracy. 
Measurement depends on the change in inductance of the 
line when a sample of magnetic material is inserted.—a. M. F. 

Selection and Processing of Chromium-Nickel Stainless Steels 
for Magnetic Applications. F. K. Bloom and J. 8. White. 
(Wire and Wire Prod., 1952, 27, Oct., 1036-1038, 1126-1127). 
Results of investigations at Armco Steel Corp. into the effect 
of composition and processing on the magnetic properties of 
Ni-Cr stainless steel wires are given. The rate at which 
permeability increases with nickel, chromium, and carbon 
content, with amount of cold work, and decreases with draw- 
ing speed and heaviness of drafting is given.—J. G. w. 

Metallurgy of Magnetic Materials. KR. de Lucas Ortueta 
and E. Yuste Garrido. (Inst. Hierro Acero, 1952, 5, Nov., 
1114-1137). [In Spanish]. The authors review the theories 
which have influenced the development of permanent magnet 
alloys and describe some special magnetic materials.—k. s. 

Influence of Fatigue on the Magnetic Properties of Steels. 
A. Kovacs and P. Laurent. (Compt. Rend., 1952, 285, Nov. 
17, 1224-1226). The modification of magnetic permeability 
with cyclic stress applied to a Ni-Cr constructional steel with 
different structures has been investigated. Below the fatigue 
limit there is a permeability maximum after a number of 
cycles depending on the load. The permeability for zero 
stress passes through a maximum for a non-vibrated specimen 
as the load increases, whilst that for a vibrated specimen only 
varies slightly.—a. a. 

Influence of Oxygen in Solid Solution in High Purity Irons 
on Certain Magnetic Properties in Weak Alternating Fields. 
J. Bourrat, G. Chaudron, and I. Epelboin. (Compt. Rend., 
1952, 238, Nov. 24, 1290-1292). The variation of the initial 
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permeability and magnetic hysteresis with oxygen content 
has been studied for four high-purity irons from different 





Conductivity of Cold-Worked Metals. D. L. Dexter. (Phys. 
Rev., 1952, 85, Mar. 1, 936-937). Landauer’s results (com- 
putation of change in conductivity due to cold-working, using 
the energy of the bottom of the conduction band as a scatter- 
ing potential) are extended and modified, and the effect of 
the singularity in the assumed scattering potential is discussed. 
Anisotropy in the resistivity is also discussed, and assessed 
quantitatively.—k. E. J. 

Ultrasonics in Industry. ©. D. Diarte. (Met. Elect., 1952, 
16, Nov., 37-40). [In Spanish]. This is a general note on 
the principles and applications of ultrasonics in industry. 

Recent Developments in the Ultrasonic Inspection of Thin 
Metallic Sheet or Plate. R. Wilson. (Sheet Metal Ind., 1953, 
30, Feb., 146-160). A new ‘opacity technique.’ using low 
incident beam angles, has been developed for the examination 
of continuity of bond between composite plates consisting of 
a relatively thin layer bonded to a thicker base-plate. The 
thickness of the surface layer determines the particular 
frequency which must be used, since the critical thickness is a 
function of the wavelength of the infected beam in the mat- 
erial under tests. Steels and light-alloy composite plates 
can be tested, provided the surface layer is within the range 
0-020 to 0-160 in. approximately, and the overall thickness 
of the composite sheet is above the critical thickness. The 
technique is equally applicable for the detection of lamination 
in thin metal sheet. Experiments show that the attenuation 
is greatest when the ultrasonic beam is propagating normal 
to the direction of grain flow. The possibilities of applying 
this phenomenon as a means of assessing directional proper- 
ties of sheets are discussed. (10 references).—P. M. C. 

Ultrasonic Testing of Cast Iron Pipe. G. B. Baumeister. 
(Non-Destructive Test., 1953, 11, Jan., 28, 29). The article 
describes how ultrasonic instruments, using a single quartz 
crystal, may be applied to check the wall thickness of centri- 
fugally-cast iron water pipes. The Magnaflux Sonizon, an 
instrument of the resonance type, indicates thickness directly 
on a scale on the cathode-ray tube, and five different probes 
may be used with the one instrument to cover five different 
thickness ranges.—P. M. Cc. 

Testing Brightens Profit Picture. W.E. Thomas. (Steel, 
1953, 182, Feb. 2, 104-110). An appraisal of some of the 
economic fac ong entering into non-destructive testing is 
presented.—D. L. C. P. 

Inspection and Testing. (Steel, 1953, 182, Jan. 5, 316-334). 
Scientific inspection and testing is being increasingly used in 
the U.S.A. Two manufacturers report that 13°, of total 
production costs are spent on non-destructive testing. 
Advances are reported in radiography, ultrasonic testing, 
direct reading spectrometers, magnetic particle testing, 
penetrant inspection, and electromagnetic induction methods. 

Commercial Interpretation of Magnetic Particle Tests 
Correlated with Radiography and Physical Tests. A. F. Cota 
and J. J. Chyle. (Non-Destructive Test., 1953, 11, Jan., 34—- 
40). The relative merits and demerits of radiographic, mag- 
netic particle, and ultrasonic methods of testing are outlined. 
To establish the practical and commercial limits of such tests, 
an investigation was carried out to compare resultant indica- 
tions for slip lines, gaps, slag, and lack of fusion in heavy 
plate, as well as porosity in groove or butt welds of thin plate. 
A complete record of the types of weld and test procedure is 
given. The radiographic examination resolved all the defects, 
but visual, magnetic, and ultrasonic examinations all have 
their own special spheres.—?. M. c. 

Semi-Empirical Equations for the Spectral Energy Distribu- 
tion in X-Ray Beams. (©. R. Emigh and L. R. Megill. (Non- 
Destructive Test., 1953, 11, Jan., 30-33). The determination 
of the energy distribution in an X-ray beam, as a function of 
wavelength, may be carried out by analysing filtration data in 
terms of Laplace transformations, and finding the spectral 
energy distribution from the corresponding inverse transfor- 
mations. The method has been described by M. A. Green- 
field, but the present authors suggest that greater accuracy 
can be obtained if a thallium-activated sodium iodide crystal 
is used as the detector, and also by using Laplace trans- 
formations which can be analysed to fit the filtration data 
more easily and accurately than those used by Greenfield. 
A resumé of the mathematics is given.—P. M. c. 

X-Ray and Magnetic Particle Inspection of Aircraft Engine 
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Mounts. R.E. Reynolds. (Non-Destructive Test., 1952, 11, 
Oct., 33). 

A Primer on Radioisotopes. G. D. Calkins and R. L. 
Belcher. (Product Eng., 1952, 28, Oct., 177-184). The 
authors discuss the types of radiation, methods of isotope 
production, and uses of radioisotopes in the fields of product 
testing, product control, and product improvement. The 
important characteristic of tracer techniques is the sensitivity 
of detection which permits measurements to one million 
millionth of an ounce in some materials.—a. M. F. 

Behaviour of Steel at High Temperatures. A. Krisch. 
(Stahl u. Eisen, 1952, 72, July 17, 904-907 ; July 31, 962-968 ; 
Aug. 14, 1038-1041). The literature of the year 1950 is 
reviewed. The subjects of hot tensile and creep tests and 
their evaluation, multi-axial stressing, and relaxation experi- 
ments are the principal ones considered.—4J. P. 

High Temperature Metals. A.E. White. (Jndust. Heating, 
1952, 19, Oct., 1862-1870; Dec., 2282-2290). The deter 
mination of the properties, operating temperatures and press- 
ures of various metals and alloys for use at elevated tempera- 
tures in the power, petroleum, automobile, and aviation 
industries is described. Creep curves for Cr—Ni and Cr—Mo 
steels, Stellite, and tungsten-bearing alloys are presented. 
The applications, properties, and compositions of super alloys 
are outlined.—B. G. B. 

Creep Test Results Guide the Selection of Alloys for Turbines 
and Jet Engines. (/ndust. Heating, 1952, 19, Dec., 2260 
2262, 2390). The equipment and work carried out at thie 
new creep testing laboratory of Westinghouse Electric Cor; 
S. Philadelphia is described. Baldwin screw-type recording 
creep machines are used for the creep tests of jet engine 
materials, and Jever-type machines for tests on steam tur bine 
and gas turbine materials. The creep properties of 25 types 
of forged material have been investigated.—B. G. 

Selecting Materials a _— Sete: for High 
Temperature Service. K.M. Braca and R. Merims. (Chem. 
Eng., 1953, 60, Feb., 165 aT The selection of materials 
and designing equipment for high temperature service in 
petroleum and chemical plants is discussed. The composition 
of various Amer. Iron steel Inst. Steels are listed and the 
minimum percentages of alloying elements in steel to resist 
attack in various atmospheres between 800° and 1700° F. are 
also given.—tT. E. D. 

Causes of Fine Surface Defects in Hot Worked Unalloyed 
Steel. H. Buchholtz and R. Pusch. (Stahl u. Eisen, 1953, 
73, Feb. 12, 204-214). Rolling and scaling tests have been 
carried out on steels from several works and different years of 
production. Metallographic and spectrographic examination 
of the surface of the samples showed that, with increasing 
temperature, particularly above 1200° C., with long holding 
times and with combustion of town’s gas with a deficiency of 
air, there was a progressive enrichment of copper and nickel 
in the layers of the steel immediately under the scale. In 
many samples there was also an enrichment of sulphur in the 
form of iron sulphide and eutectic sulphides. Parallel with 
the enrichment of copper and nickel there was a preferential 
oxidation of the grain boundaries. As a result of metal and 
sulphur enrichment and the grain boundary oxidation, pre- 
ferential hot shortness occurred, starting from the scaled 


boundaries, when the surface was subjected to stress.—J. P. 
Hot-Cold Work Improves 16-25-6 Properties. M. Fleisch- 
mann. (lron Age, 1952, 170, Nov. 20, 123-127). Long term 


test data on creep for C r—Ni-Mo steel alloys are presented. 
Various heat-treatments are considered including water 
quench from 2150° F. and a 6-hr. temper at 1275° Fr. A 
method for obtaining high room-temperature properties with 
minimum creep in operation for forged turbine wheel rims is 
described. This involves hot forging to smaller than finished 
dimensions followed by cold expanding to size.—aA. M. F. 

Improved Ferritic Steel Can Replace Austenitic Steel. J. 
G.-Y. Chow and D. W. Kaufmann. (Jron Age, 1952, 170, 
Nov. 6, 166-169). <A ferritic steel containing 13°, Cr has 
been shown to be suitable for service at 1000° F. and com- 
pares favourably with austenitic stainless ater ls at that tem- 
perature. High ductility is maintained at elevated and room 
temperatures after long periods of exposure.——A. M. F. 

Creep and Relaxation of High Strength Steel Wires at Room 
Temperatures. G. T. Spare. (Wire and Wire Prod., 1952 
27, Oct., 1058-1061, 1119 1120). The author has investi- 
gated the creep and relaxation properties of two 0-80 
carbon steel wires drawn to strengths of 100 and 110 tons per 
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sq.in. The creep was found to be perfectly exponential. Stress 
relieving reduced the creep at 50% of the tensile strength 
level, but considerably increased the creep at stresses in 
excess of 70%, of the tensile strength ; this variation was cor- 
related with the variation in uniform elongation in the tensile 
test. Similar observations were obtained in relaxation tests. 


Nickel-Chromium Cast Irons for the Manufacture of Heat- 
Resisting and Machinable Parts. (Fonderie, 1952, Oct., 3148- 
3149). A cast iron of the following composition is suggested : 
C 3-1-3-4%, Mn 0-80-1-0%, P0-20% max., Cr 0-60-0-70%, 
Ni 1-8-2-0%, sulphur as low as possible, and silicon according 
to thickness of part. This iron should not be used at above 
700° C.—R. s. 

Metallurgical Progress and the Steam Engineer. L. 
Sanderson. (Steam Eng., 1953, 22, Jan., 123-125). The use 
of alloy steels for resisting corrosion and for high temperature 
operation is briefly discussed. Various coatings for resisting 
corrosion are also mentioned.—. E. D. 

Testing of Heavy Forgings for Turbo-Rotors and Electric 
Generators by Means of Trepanned Specimens. R. Schinn. 
(Z.V.d.I., 1952, 94, Sept. 1, 837-842). The author confines 
himself to rotors designed to run at 3000 r.p.m. and at tem- 
peratures below 450°C. He indicates how trepanned 
specimens are located, and how and where they are tested. 
He discusses the forging and upsetting methods of manufac- 
ture and gives data relating carbon segregation and variation 
of mechanical properties in finished forgings.—3. G. w. 

Some Metallurgical Problems Imposed by Stratospheric 
Flight. P.L.Teed. (J. B’ham. Met. Soc., 1952, 32, Dec., 130- 
162 ; Aeroplane, 1952, 82, Mar. 21, 334-335). After describing 
the stratosphere the author outlines metallurgical problems 
involved in flying in it. These are generally connected with 
the subzero temperatures obtaining at high altitudes. The 
effect of subzero temperatures on dimensions, elastic moduli, 
yield and ultimate tensile stresses, notch fatigue, and resis- 
tance to triaxial stress systems is discussed for typical aircraft 
metals and alloys including iron, mild steel, and a Ni-Cr steel. 

Density and Hydrogen Occlusion of Some Ferrous Metals. 
J. H. Keeler and H. M. Davis. (Z'rans. Amer. Inst. Min. 
Met. Eng., 1953, 197, J. Met., 1953, 5, Jan., 44-48). The 
authors have studied the effect of cold rolling on the density 
and hydrogen occlusion of 0-17%-C rimming steel, ingot iron, 
and high- -purity iron. The densities of the ae steel and 
ingot iron were found to decrease to minima at 60% reduction, 
that of the former recovering promptly on annealing and that 
of the latter sluggishly and incompletely. The density of the 
high-purity iron was not affected. Hydrogen occlusion was 
affected by 60° reduction only in the rimming steel, where it 
was increased about a hundredfold.—a. Fr. 

Effect of Alloying Elements On The Behavior of Nitrogen in 

Alpha Iron. L. J. Dijkstra and R. J. Sladek. (Trans. Amer. 
Inst. Min. Met. Eng., 1953, 197, J. Met., 1953, 5, Jan., 69-72). 
By means of the internal friction method, the authors have 
studied the effects of additions of 0-5 atomic °% of manganese, 
chromium, molybdenum, and vanadium on the behaviour of 
nitrogen in «-iron, and the results are discussed. The effects 
are explained on the assumption that two relaxation times 
enter into the phenomena, and support of this is found in the 
molybdenum and vanadium = in which two pronounced 
internal friction peaks occur.—G. 
_ Studies of the Crack Sensitivity, of Aircraft Steels. A. W. 
Steinberger and J. Stoop. (Welding J., 1952, 31, Nov., 
527s-542s). The mechanism of microcracking of aircraft 
steels is investigated. Theories of hydrogen embrittlement 
are reviewed. The possibility that hydrogen is not contained 
in steel interstitially is discussed with reference to evidence 
indicating that it may be contained in rifts or occasional 
widening of the lattice spacings.—v. E. 

Influence of Hydrogen on the Characteristics of Deformation 
and Rupture by Tension of Iron and Steel. P. Bastien and 
P. Azou. (Rev. Mét., 1952, 49, Dec., 837-848). The effect 
of hydrogen on slip in simple tension and on the technical 
cohesive strength under varying conditions of temperature 
has been investigated for iron and mild steel. Hydrogen has 
no influence in the region of elastic deformation and since the 
phenomenon of embrittlement is a process of diffusion followed 
by local segregation, it is not observable at low temperatures 
or rapid deformation speeds.—a. G. 

Developments in Alloy Steels. ©. Sykes. (Metallurgia, 
1953, 46, Jan., 3-8). The main emphasis in the development 
of alloy steels is centred in the field of corrosion and heat- 
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resisting steels which the author discusses in detail. Refer- 
ence is also made to high-speed steels, boron steels, the 
sigma phase and the use of rare earths as alloying elements. 

Use of Rare Earths to Improve the Deforming py my of 
Stainless Steels. J. Daurat. (Mét. Constr. Mécan., 1952, 84, 
Aug., 549-551). The Carpenter Steel Co., i U.S.A. 
employs cerium, lithium, and lanthanum in alloy steels to 
improve their hot work properties. Forging properties are 
compared by flattening cones of standard size.—R. A. R. 

Properties of Cast Steels Improved with Rare Earth Element 
Additions. G. A. Lillieqvist and C. G. Mickelson. (J. Met., 

1952, 4, Oct., 1024-1031). The authors discuss the results of 
an investigation into the effects of additions of ‘ Lanber Amp.’ 
an alloy containing various percentages of rare earth elements, 
on the properties of cast steel. No detrimental effect is 
apparent, and definite improvements are noted in ductility, 
impact strength, inclusion shape and distribution, hot tearing, 
fluidity, sulphur reduction, porosity, weldability, and feeding 
characteristics.—G. F. 

Materials and Metallurgy. (Steel, 1953, 182, Jan. 5, 280- 
296). This American survey covers developments in steels 
particularly for high duty, or with a view to conserving rare 
elements. Various high temperature alloys and boron steels 
are mentioned.—D. L. C. P. 

Alloy Tool Steels with Nitrogen. (Iron Age, 1952, 170, 
Nov. 6, 163-165). Russian metallurgists claim that under 
certain conditions tool life can be doubled if nitrogen is used 
as an alloying element. It must be used with aluminium for 
best results and is reported to increase the stability of aus- 
tenite in the annealed, quenched and cold-worked high- 
chromium, high-nickel steels. Addition of 0-15 to 0-25°%% 
nitrogen replaces 4 to 5%, Ni in the manufacture of austenitic 
steels. In austenitic high-carbon steels nitrogen is usually 
found in the carbide phase.—a. M. F. 

Boron in Special Steels. (Aciers Fins. Spec. Frang., 1952, 
June, 34-38; Jekn. Ukeblad, 1952, 99, Nov. 6, 844-846). 
Manufacture, rolling, forging, heat-treatment, and applica- 
tions of boron steels are discussed. Unsatisfactory results 
achieved in the U.S.A., due largely to insufficient care in 
manufacture, may explain the low production of 50,000 
tons/month.—e. G. kK. 

Boron As an alloying Element in Steel. F. Munoz del 
Corral. (Tecn. Met., 1952, 8, Apr., 133-151). [In Spanish]. 
The author reviews the role of boron in steels. (18 references). 

Utilization of Manganese in Special Steels. (Aciers Fins 
Spec. Frang, 1952, Mar., 33-38). The use of manganese as 
an alloying element is discussed with reference to spiegeleisen, 
complex alloys, structural, case-hardening, weld, tool, free- 
cutting, spring, stainless, casting, and austenitic steels. 

Ferrous Metallurgy—Realizations and Problems. LE. H. 
Schulz. (Rev. Univ. Mines, 1953, 9th Series 9, Feb., 51-54). 
The author discusses problems of current interest in ferrous 
metallurgy. These include the alleviation of brittle fracture 
in ordinary constructional steels, especially those produced 
by the basic-Bessemer process, homogenization, and the im- 
provement of the surface state of steel products.—B. G. B 

Present-Day Problems with Steel for Sheet and Strip. 
E. Schauff. (Stahl u. Eisen, 1952, 72, July 17, 892-898). The 
increasing use of sheet and str ip steel is making bigger demands 
on workability and appearance ; this can be met only by 
corresponding developments in the steel and semi-finished 
product. Surface roughness, non-metallic inclusions and 
defective edges are faults which must be overcome. To 
obtain workability, particularly deep-drawing properties, the 
composition must be held within narrow limits. Statistical 
analysis of data during the years 1949-1951 shows that im- 
provements are being made.—4. P. 

The Watt Losses in Silicon Steels, Effect on the Structure, 
yee Treatment, Heat-Treatment and Other Factors. 
N. P. Andres Sanz. (Inst. Hierro Acero, 1952, 5, July—Sept., 
958- 941 ; ; Oct.—Dec., 1230-1255). [In Spanish]. Various 
mechanical and heat-treatments can effect a reduction of up 
to 30% in the total loss figures. An apparatus is described 
for determining the hysteresis losses: some results are com- 
pared with those obtained by ballistic methods. The materials 
used were three magnetic sheets of Spanish and one of 
foreign origin.—R. s. 

The Chromium Corrosion and Heat Resisting Steels. H.R. 
Dalziel. (Australasian Eng., 1952, Oct. 7, 52-57). The 
author discusses the constitution of high-chromium steels, 
the Fe-Cr-C system, and the heat-treatment and effect of 
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alloying elements on such steels. Typical ferritic and mar- 
tensitic grades are enumerated, and examples of their uses 
and applications are given.—P. M. Cc. 

Investigations Concerning the Choice of Steels for Austemper- 
ing. E. Theis. (Stahl u. Eisen, 1953, 78, Mar. 12, 347-360). 
Hardness and notched bar impact tests have been carried out 
on a large number of steels, unalloyed, and containing silicon 
manganese, chromium, vanadium, and titanium, to determine 
their suitability for austempering. These additions can have 
a beneficial influence, and improvements in impact strength 
of up to 140° after austempering are possible as compared 
with other methods of heat-treatment.—1. P. 

Significance of the Elongation Tests on Wire. H. J. Godfrey. 
(Wire and Wire Prod., 1952, 27, Oct., 1015-1022, 1131-1133). 
The author claims, by reference to experiments, that the post- 
necking strain to fracture in the neck of a tensile specimen 
correlates with established ductility test data for high tensile 
wire, 7.e., the torsion, bend, and wrapping tests data. The 
total elongation on a 10-in. gauge length is a useful means of 
checking consistency, but is not areliable measure of ductility. 

High Speed Steels. J. Apraiz. (Dyna, 1952, 27, Nov., 
279-292). [In Spanish]. This is a very general survey of the 
development and properties of high-speed steels.—R. s. 

Standardization of Metallurgical Products and the Problem 
of Supply. H. Mériel-Bussy. (Rév. Gén. Mec., 1952, 36, 
Oct., 301-307). French standard unalloyed steels are classi- 
fied and described.—R. s. 

Properties of High-Speed Steel EI847. E. I. Malinkina, 
8. I. Volkov, Z. N. Arkhangel’skaya and A. A. Badaeva. 
(Stanki 7 Instrument, 1951, No. 10, 17-18). [In Russian]. 
An account is given of comparative machining tests with tools 
of three high-speed steels of the following respective composi- 
tions (in %): C0-72, 0-88, 0-79; W 18-31, 8-86, 9-12; 
V 1-08, 2-24, 1-49; Cr4-08, 4-36, 4-2; S0-012, 0-013, 
0-02; P 0-026, 0-025, 0-027; Mn0-24, 0-29, 0-26; and 
Si 0-28, 0-26, 0-23. The hardening temperature range was 
taken to be that between exessive grain growth and insufficient 
red-hardness after tempering under standard conditions. 
The last of the above steels, EI 347, was found to have a 
red-hardness equal to those of the others, and to be easier 
to grind.—-s. kK. 

Machine Tool Materials. W.D. Biggs. (Welder, 1952, 21, 
Oct.—Dec., 91-94). The author offers a short classification of 
materials used for machine tools, and outlines briefly the 
properties which should be obtained.—z. c. B. 

Modern Railway Track ‘French Style’ and the Use of 
Special Steels. (Aciers Fins Spec. Frang., 1952, Mar., 80-82). 
Railway track construction has been redesigned to suit the 
increased loads and speeds of trains. _Chromium-—manganese 
steel 45C4 has been adopted for track manufacture in France. 

Manganese Steel for Castings. (Aciers Fins Spec. Frang., 
1951, Nov., 25-26). The composition, production, properties, 
and uses of Hadfield manganese steel are briefly outlined. 

Steels for Ball Bearings. (Aciers Fins Spec. Frang., 1952, 
June, 52-53). The analyses, the manufacture, and the in- 
spection of steels for ball bearings are briefly considered. 

“* Desegatized *’ Tool Steels are Now Available in Larger 
Sizes. (Machinery, 1953, 82, Jan. 16, 118). High-speed 
steels free from carbide segregation and *‘ desegatized’ high 
carbon chromium die steels are now produced by Latrobe 
Steel Co., Latrobe, Pa.—Rr. A. R. 

Selection of Engineering Materials—Ferrous Alloys. S. C. 
Churchill. (Machinery, 1953, 82, Jan. 16, 109-114). The 
properties and uses of alloy cast irons, alloy steels, and case- 
hardening steels are discussed.—k. €. s. 

Spheroidal Cast Iron: Properties and Applications. M. 
Ballay. (Mém. Soc. Ing. Civils France, 1952, 105, Apr.— 
June, 245-261). The properties of cast iron with spheroidal 
graphite and other cast iron are compared. Numerous 
applications for large machine mountings, gears, crankshafts, 
and centrifugally cast pipes are mentioned.—t. E. D. 

The Improvement of the Behaviour of Materials in the 
Minera! Industry by Using Alloy Steels and Special Cast Iron, 
and Particularly Some Nickel Alloys. B.de Borde. (S.I.M., 
Documentation Métallurgique, 1952, Apr.-May-—June, 49-78). 
A comprehensive and well-illustrated survey is made of 
numerous uses of special materials when exceptionally heavy 
service is required. Characteristic properties of several alloy 
steels containing manganese, silicon, chromium-molybdenum, 
nickel, and nickel-chromium, as well as ‘ Ni-Hard ’, white cast 
iron and other types of cast iron are given. The choice of 
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suitable materials for pneumatic drill components, compres- 
sors, wagons, and railway wheels is given.—t. E. D. 

Nickel Chromium Cast Irons to Resist Friction and Abrasion. 
(Fonderie, 1952, Nov., 3193-3194). The effects of various 
amounts of nickel and chromium in cast iron on their wear 
resistance are stated. Some hints are given on making these 
irons.—R. Ss. 

Quality Factors in Foundry Pig Iron. H. d’Entremont. 
(Mét. Constr. Mécan., 1952, 84, Aug., 553-559 ; Sept., 623- 
629). The author discusses the properties of ordinary and 
special cast irons and the desulphurization of iron. The me- 
chanical properties and testing of nodular cast iron and a list 
of machine parts where nodular iron can replace steels are 
presented.—R. s. 

The Static Strength of Cast Iron. J. Navarro Alcacer. 
(Inst. Hierro Acero, 1952, 5, Nov., 1072-1088). [In Spanish]. 
The author discusses the effect of graphite on the tensile and 
transverse strengths of cast iron and determines the moduli 
of elasticity of several hypoeutectoid cast-iron bars 20, 30, 
and 48 mm. in dia.—r. s. 

Here’s How to Untangle Metal Specifications. A. G. Gray. 
(Steel, 1953, 182, Jan. 19, 80-84). This article describes the 
cross indexes which have been prepared to allow comparison 
of the several metal specification systems that exist in U.S.A. 
A 5-digit code number has been given to ferrous and non- 
ferrous alloys which are of similar composition but covered 
by a variety of specifications.—p. L. Cc. P. 


METALLOGRAPHY 


New Techniques of Metallurgical Research. A. G. Quarrell. 
(Bulletin Inst. Metals, 1953, 1, Feb., 145-146). A short 
review of some new techniques which have been used in metal- 
lurgical research is presented. Among the subjects mentioned 
are X-ray crystallography, phase contrast microscopy, use of 
polarized light, and the polishing of specimens.—n. G. B. 

The Use of Diamond Dust for Metallographic Polishing. 
L. G. Tottle. (Bulletin Inst. Metals, 1953, 1, Feb., 146-150). 
A description is given of the technique of polishing metal- 
lographic specimens with diamond dust ; no special apparatus 
is required. The cutting power of the powder is very great 
and this allows it to cut through particles of widely differing 
hardness at the same rate. One disadvantage is that all 
samples show a network of fine scratches which must be 
eliminated for high power examination by a further period of 
polishing with aluminia or magnesia.—z. G. B. 

On the Use of Sodium Bisulphite as an Etching Reagent 
for Ferritic Steels. L. Beaujard and J. Jordeux. (Compt. 
Rend., 1952, 235, Nov. 24, 1304-1306). A reagent consisting 
of 60 c.c. of a solution of sodium bisulphite (35°, NaHS0Os, 
sp. gr. 1-32-1-33) and 40 c.c. of water reveals the structure 
of steels in the cold by selective attack on the ferrite grains. 

Uses of the Hot-Stage Microscope. P. J. E. Forsyth. (Bul- 
letin Inst. Metals, 1953, 1, Feb., 150-151). A number of uses 
of the hot-stage microscope and some of its limitations are 
described.—z. G. B. 

Research on the Application of Metallic Replicas for the 
Electron Microscope. On the Cu-SiO. Method. Y. Tanabe. 
(Nippon Kinzoku Gakkai-Si, 1952, 16, July, 374-378). [In 
Japanese]. Replicas giving an accurate reproduction of 
structure can be taken from irons and steels. Essentially, a 
copper replica is formed by electroplating, and the SiO, replica 
by vaporization, followed by solution of the copper. The 
SiO, replica shows good contrast and freedom from shadow 
effects.—-K. E. J. 

Microphotometer on a Microscope Stand. V. I. Shirokov. 
(Zavodskaya Laboratoriya, 1950, No. 4, 497-499). [In 
Russian]. A description is given of a microphotometer, con- 
venient for industrial spectrum analysis, which is mounted on 
a@ microscope stand.—s. kK. 

Lamps and Lighting for Inspection. H.R. Ruff and H. E. 
Bellchambers. (Eng. Insp., 1952-3, 16, Winter, 134-146). 
Available types of lamps and techniques are described for 
general lighting for inspection, for bright sources in optical 
systems such as magnifiers and polariscopes, for colour match- 
ing and colour discrimination, for ultraviolet examination, and 
for high-speed flash and stroboscopic work.—P. M. C. 

The Investigation of the Intensity of X-ray Diffraction from 
Deformed Iron. V. A. Il’ina and V. K. Krivitskaya. (Dok- 
lady Akademii Nauk S.S.S.R., 1952, 87, 2, 107-210). [In 
Russian]. A comparison of the intensity of X-ray diffraction 
from samples of deformed and undeformed iron was made 
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using molybdenum Ka radiation. The intensity of X-ray 
diffraction is lower from deformed than from non-deformed 
iron.—v. G. 

The Use of Geiger Counters in X-ray Diffraction Studies. 
G. K. Williamson. (Bulletin Inst. Metals, 1953, 1, Feb., 152- 
157). The use of Geiger counters in X-ray diffraction studies 
is discussed in some detail and the relative merits of the photo- 
graphic film, ion chamber, Geiger counter, and proportional 
counter for detecting X-rays are compared. Counters are 
superior to films in most applications of interest to metallur- 
gists, but they are unlikely to supersede films in cases where 
a two-dimensional pattern is required. (39 references). 


Some Methods of Measuring Surface Topography as — 
to Stretcher-Strain Markings on Metal Sheet. W. 
Hooper and J. Holden. (Bulletin Inst. Metals, 1953, 1) Feb, 
161-165). The mechanical measurement of the surface topo- 
graphy by the use of the Talysurf exploring head is first de- 
scribed and a number of examples of the results obtained are 
given. The use of interferometry to examine stretcher-strain 
markings is also described.—.. G. B. 

Determination of Austenite Grain Size in Steels. (Inst. 
Hierro Acero, 1952, 5, Oct.—Dec., 1198-1205). [In Spanish]. 
Thirty-four micrographs are illustrated corresponding to 
seven alloy and carbon steels. The grain sizes were compared 
by the Villela and the oxidation methods.—. s. 

Size of Steel Grains. (Aciers Fins Spec. Frang., 1951, Nov., 
20-21). The control of grain size and its influence on the 
properties of a steel are very briefly discussed and some 
methods of determination of grain size are outlined.—£. c. s. 

Torsion Texture of 70-30 Brass and Armco Iron. W. A. 
Backofen and B. B. Hundy. (Trans. Amer. Inst. Min. Met. 
Eng., 1953, 197, J. Met., 1953, 5, Jan., 61-62). Using the 
technique developed by Norton, the authors have studied the 
torsion texture of 70-30 brass and Armco iron. The texture 
is found to be unique and described approximately by a com- 
bination of ideal orientations, but further study is required 
before generalizations about its development, description, and 
correlation with flow can be made.—. F. 


Measurement of Internal meeeratnn | in Three-Dimensional 
Structures by Random Sectioning. C. 8S. Smith and L. Gutt- 
man. (Trans. Amer. Inst. Min. Met. Eng, 1953, 197, J. Met., 
1952, § Jan., 81-87). From astudy of geometric probabilities, 
the authors show that the average number of intercepts per 
unit length of arandom line drawn through athree-dimensional 
structure is exactly half the true ratio of surface to volume. 
The area of grain boundary or of the interface between any 
two constituents in a microstructure can thus be measured. 
Other metric relations that may be of use in studies of the 
microstructure of polycrystalline, cellular, or particulate 
material are tabulated.—e. Fr. 

Regarding Sigma Phase Formation. D.S. Bloom and N. J 
Grant. (Trans. Amer. Inst. Min. Met. Eng., 1953,197,J. Met., 
1953, 5, Jan., 88). From a study of available data on the 
formation of the o-phase in binary systems, the authors deduce 
that further knowledge of this phase might be obtained by a 
critical study of the effects of certain elements on the struc- 
ture of manganese. The role of atom size in the formation of 
this phase is also felt to be important.—e. F. 


Effect of Tensile Strain at Low Temperatures on Deformation 
Twinning inIngotIron. G.W.GeilandN. L. Carwile. (Trans. 
Amer. Inst. Min. Met. Eng., 1953, 197, J. Met., 1953, 5, Feb., 
213-217). The authors have made a metallographic study of 
deformation twinning in ingot iron slowly deformed in tension 
at —196° and —150°C. The results show that twinning is 
initiated mainly during the initial stages of plastic deforma- 
tion, but the breadth of the twins generally increases with 
increase in strain up to fracture. Deformation twinning is 
not felt to be the cause of low temperature embrittlement of 
ingot iron.—c. F. 

Occurrence of Chi Phase in Molybdenum-Bearing Stainless 
Steels. . K. Koh. (Trans. Amer. Inst. Min. Met. Eng., 
1953, 197, “J. Met. , 1953, 5, Feb., 339-343). The author has 
investigated the occurrence of the x-phase in iron-base 
chromium—molybdenum alloys, by X-ray diffraction analysis 
of anodic extraction residues and by metallographic study. 
The phase is essentially an intermetallic compound of iron, 
chromium, and molybdenum, but there is some evidence to 
show that tungsten and molybde num act similarly in pro- 
moting its formation. The x-phase resembles the o phase 
in its metastability, chemical composition, and brittleness. 
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There is no corresponding x-phase in either nickel-base or 
cobalt-base chromium-molybdenum alloys.—6. F. 

The Structural Hardening of Stainless Austenitic-Ferritic 
Steels. J. Hochmann. (Rev. Mét., 1952, 49, Dec., 849-854). 
Methods of strengthening austenitic steels by the precipitation 
of carbides, borides and inter-metallic compounds are reviewed. 
The ferrite phase in high chromium stainless steels is sus- 
ceptible to hardening on annealing in the temperature range 
400-500° C. and 600-800° C., the former corresponding to an 
atomic rearrangement before precipitation of the sigma phase 
at the higher temperature. Austenitic-ferritic steels treated at 
500° C. have greatly improved mechanical properties and good 
corrosion resistance.—aA. G. 

Speed of Sound and Density of the States of Thermal Decom- 
position of Martensite in Steels. G. Vidal and P. Lescop. 
(Compt. Rend., 1952, 285, Nov. 17, 1221-1223). The variation 
of the speed of Sound and the relative contraction have been 
determined for various decomposition states resulting from 
the isothermal heating of single samples of two steels previously 
quenched.—a. G. 

Some Recent Ideas on Recovery and Recrystallization. J. A. 
Ramsay. (Australasian Eng., 1952, Nov. 7, 58-62). An 
outline of the main features of the processes of recovery and 
recrystallization is given, particular attention being paid to 
structural changes occurring before the onset of recrystalliza- 
tion. The relevance of these latter to the formation of 
recrystallization nuclei is discussed. (29 references).—pP. M. C. 

Influence of Microstructure on the Results of Heat-Treat- 
ment, and Machinability of 0-5 to 1:0°, Carbon Steels. 
A. W. J. van den Bergh. (Metalen, 1952, 7, Dec. 15, 421- 
425). [In Dutch]. The effects of various initial structures 
on the results of flame-hardening and conventional hardening 
of alloy and unalloyed steels are explained. Maximum 
machinability is obtained with a spheroidized structure.—R. s. 


Direct Methods for Determining Crystal Structures. H. 


Serum. (Tidsskr. Kjemi, Bergvesen Met., 1952, 12, Nov., 157- 
162). [In Norwegian]. This thesis describes Patterson’s 


method of structure analysis, in which information given by 
the varying intensities in X-ray studies can be represented 
by a three-dimensional Fourier series.—G. G. K. 

The Orientation Relationships between Cementite and «-Iron. 
N. J. Petch. (Acta Crystallographica, 1953, 6, Jan. 10, 96). 
{In English]. A short note discusses the crystallographic 
characteristics of cementite precipitated in the tempering of 
martensite.—tT. E. D. 

The Low-Temperature Transition in Magnetite. S. ©. 
Abrahams and B. A. Calhoun. (Acta Crystallographica, 1953, 
6, Jan. 10, 105-106). [In English]. X-ray diffraction pat- 
terns of magnetite below 119° K. confirmed that the transition 
is to the orthorhombic system. X-ray intensities and line 
spacings are tabulated. Thermal expansion coefficients 
obtained by various workers are also listed.—t. E. D. 

Magnetic Domains on Silicon Iron by the Longitudinal Kerr 


Effect. C. A. Fowler, jun. and E. M. Fryer. (Phys. Rev., 
1952, 86, May 1, 426). Domain structures on the (100) 


surface of a silicon-iron single crystal have been examined by 
photoelectric and photographic methods. Patterns are stable 
and apparently recurrent. Results are comparable with 
those from magnetic powder patterns.—k. E. J. 

Critical Shear Stresses in Body-Centered Cubic Lattices. 
R. Smoluchowski. (Phys. Rev., 1952, 86, June, 787-789). 
A consideration of the shape and the atomic configuration of 
dislocations in a body-centred cubic lattice allows an estimate 
of the ratio of critical shear stresses on various slip planes as a 
function of temperature. .\ comparison with experimental 
data is satisfactory.—R. A. R. 

Diffusion in Metals. A. D. Le Claire. 
1953, 174, July, 229-236). [This issue]. 

The Interaction of Dislocations and Boundaries. A. K. 
Head. (Phil. Mag., 1953, 44, Jan., 92-94). The image 
forces on a screw dislocation due to a grain an or 4 
free surface covered by a film, are evaluated.—x. E. 

Effect of Carbon on the Volume Fractions oy Lattice 
Parameters of Retained Austenite and Martensite. C. 8. 
Roberts. (Trans. Amer. Inst. Min. Met. Eng., 1953, 197, J. 
Met., 1953, 5, Feb., Section 1, 203-204). Using a sensitive 
X-ray method of analysis, the author has expressed the 
volume fractions and lattice parameters of retained austenite 
and martensite as functions of the carbon content. The 
results are compared with available G. F. 


(J. Lron Steel Inst., 
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Retained Austenite Determinations by X-Ray Methods. 
B. L. Averbach. (Trans. Amer. Inst. Min. Met. Eng., 1953, 
197, J. Met., 1953, 5, Jan., 87-88). The author briefly out- 
lines the X-ray methods which have been used to determine 
retained austenite in hardened steels, and mentions some of 
the precautions which must be taken.—c. F. 

Absolute Rate Theory Applied to Rate of Growth of Pearlite. 
J.H. Frye jun.. E. E. Stansbury,and D.L.McElroy. (Trans. 
Amer. Inst. Min. Met. Eng., 1953, 197, J. Met., 1953, 5, Feb., 
219-224). The rates of growth of pearlite in high-purity 
iron-carbon alloys have been measured as a function of the 
transformation temperature and the results are correlated in 
terms of a derived rate equation. The theoretical implicationss 
are discussed and, as predicted by theory, the growth rate/ 
temperature curve for a 0-78%% C steel shows a maximum. 


Absolute Rate Theory Applied to Rate of Growth of Pearlite. 
J. H. Frye, jun., E. E. Stansbury, and D. L. McElroy. (Trans. 
Amer. Inst. Min. Met. Eng., 1953, 197; J. Met., 1953, 5, Feb., 
219-224). The rates of growth of pearlite in high-purity 
iron-carbon alloys have been measured as a function of the 
transformation temperature and the results are correlated in 
terms of a derived rate equation. The theoretical implications 
are discussed and, as predicted by theory, the growth rate/ 
temperature curve for a 0:78% C steel shows a maximum. 

High Temperature Thermal Analysis Using the Tungsten- 
Molybdenum Thermocouple. H. T. Greenaway, 8. T. M. 
Johnstone, and M. K. McQuillan. (J. Inst. Met., 1951, 80 
Nov., 109-114 ; Indust. Heqting, 1952, 19, Dec., 2270-2280). 
A description is given of the equipment and technique em- 
ployed in carrying out thermal analysis of metals at tempera- 
tures up to 2000°C. High-frequency induction heating is 
used and the temperature is measured by means of a tungsten 
—molybdenum thermocouple, a calibration curve for which 
is given.—B. G. B. 

Behaviour of Carbides in Niobium Stabilised Austenitic Stain- 
less Steel. T. V. Simpkinson. (Metallurgia, 1953, 47, Jan., 
18-24). It is shown that in properly processed niobium- 
stabilized 18/8 steel the carbon is immobilized as a randomly 
precipitated niobium carbide which is difficult to dissolve. 
How variations in the temperature of final hot working, in 
heat-treatment, and in welding, affect the type and distribu- 
tion of precipitated carbides seen under the microscope is 
discussed and illustrated.—n. G. B. 

The Alpha Phase of the Iron-Carbon System. F. Mufioz del 
Corral. (Inst. Hierro Acero, 1952, 5, Nov., 1138-1151). [In 
Spanish]. After reviewing the allotropic forms of iron, the 
data determining the boundaries of the «-phase in the Fe—C 
system are discussed. The great influence of small amounts 
of carbon on the mechanical properties is explained.—R. s. 

Stabilizing Austenite by Ageing. (/nst. Hierro Acero, 1952, 5, 
Nov., 1047-1057). [In Spanish]. The author reviews pres- 
ent theories on martensite transformation and the stabiliza- 
tion of austenite, and discusses the effects of the period, tem- 
perature, and rate of ageing and of tempering during the mar- 
tensite transformation.—R. s. 

Carbide Precipitation, Secondary Hardening, and Red 
Hardness of High-Speed Steel.—Kehsin Kuo. (J. Iron Steel 
Inst., 1953, 174, July, 223-228). [This issue]. 

Carbide Formation in Alloy Steels During High Temperature 
Annealing. G. V. Kudryumov amd M.D. Perkas. (Doklady 
Akademii Nauk S.S.S.R., 1952, 87, 1, 41-43). [In Russian]. 
The formation of carbides during annealing at high tempera- 
ture of two alloy steels containing (1) C 0-11%, V 1°40%, 
and Mn 1-48%, and (2) C0-1+ and Mo 2-14%), was investi- 
gated. The vanadium steel was quenched from 1340° C. and 
the molybdenum steel from 1250°C. The hardness of these 
steels after annealing was constant for annealing temperatures 
up to 450-500° C. Further increase in the annealing tempera- 
ture caused greater hardness, followed by a steep fall. There 
was evidence that martensite does not decompose appreciably 
until 500° C. is reached. Annealing at above 500° C. caused 
decomposition of martensite with formation of carbides. 
X-ray examination of residual carbides in the two steels 
annealed at 650—700° C. showed the presence of molybdenum 
carbide with a hexagonal lattice (Mo,C), and vanadium 
carbide (VC), respectively.—B. G. j 

On Phase and Structural Transformations in Steel During 
Repeated Recrystallization. D. S. Kazarnovskii. (Doklady 
Akademii Nauk S.S.S.R., 1952, 87, 3, 409-412). [In Russian]. 
The influence of grain boundaries and dispersion of carbides in 
the initial structure of steel on the grain-size and physical and 
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mechanical properties after recrystallization was investigated. 
Experiments were made with carbon and low-alloy chrom- 
ium steels. The author concludes from the data obtained 
that methods of hot working and heat-treating these steels 
should be speeded up. The operations of rolling, forging, and 
stamping must be completed within a certain temperature 
range if grain growth is to be prevented, but control of 
grain size before heat-treatment is not necessary.—v. G. 

Some Studies on the Ar’’ Transformation of Special Steels. 
K. Monma, S. Uemura, and M. Hirata. (Nippon Kinzoku 
Gakkai-Si, 1952, 16, July, 378-382). [In Japanese]. In- 
vestigations were made into the high resistivity of quenched 
alloy steels. Resistivity increased during Ar, transformation, 
due to the electrical properties of the supersaturated «-solid 
solution. When transformation occurred above critical tem- 
perature, resistivity fell, due to precipitation of carbide. 

Study of the Transformations of Residual Austenite at 
Negative Temperatures. G. A. Oding. (Zavodskaya Labora- 
toriya, 1950, No. 4, 475-479). [In Russian]. An account is 
given of dilatometric studies at negative temperatures on 
specimens of five steels at various temperatures. Specimens 
130 mm. long and 4-5 mm. in dia. were quenched from the 
required temperature in liquid at 20° C. and then transferred 
to a recording dilatometer where they were cooled at 0-5 
1-5°/min. From a dilatometric curve obtained on heating a 
specimen which had been hardened and subjected to cold 
treatment it is concluded that the transformation of austenite 
to martensite is incomplete.—-s. kK. 

The Liquidus — Solidus Relations in the System Iron- 
Cobalt in the Range 0-30 Atomic °% Cobalt.—G. B. Harris and 
W. Hume-Rothery. (J. Iron Steel Inst., 1953, 174, July, 
212-218). [This issue]. 

Intermediate Phases in the Mo-Fe-Co, Mo-Fe-—Ni, and Mo 
Ni-Co Ternary Systems. D. K. Das, S. P. Rideout, and P. 
A. Beck. (T'rans. Amer. Inst. Min. Met. Eng., 1952, 194, 
J. Met., 1952, 4, Oct., 1071-1075). The authors have investi- 
gated the 1200°C. isothermal sections of the Mo—Fe—Co, 
Mo-Fe-Ni, and Mo-—Ni-Co ternary systems. The p-phase 
forms narrow, elongated ternary solid solution fields extending 
all the way across the Mo—Fe-Co diagram and approximately 
halfway across the other two diagrams. The alloying be- 
haviour of the p-phase is entirely analogous to that found for 
the o-phase.—«. F. 

Formation of Nitrides from Atmospheric Exposure During 
Creep Rupture of 18 Pct. Cr-8 Pct. Ni Steel. EE. J. Dulis and 
G. V. Smith. (Trans. Amer. Inst. Min. Met. Eng., 1952, 194, 
J. Met., 1952, 4, Oct., 1083-1084). By means of X-ray 
diffraction, the authors have identified the nitrides Cr,N and 
CrN in the precipitate formed during creep-rupture tests on 
18/8 stainless steel at 815°C. The evidence suggests that 
inward-diffusing nitrogen first forms Cr,N at the grain boun- 
daries, which, with further diffusion, forms CrN. Depletion 
of chromium in the austenite causes most of the austenite to 
transform to ferrite on cooling.—G. F. 


CORROSION 


Corrosion in Industry. B. Levelton. (Eng. J., 1953, 86, 
Jan., 8-13). Losses to industry in general through corrosion 
are surveyed. Test procedures, theories of corrosion, and 
preventive measures are described for examples from the 
lumbering and paper-making industries, and heating and 
refrigerating plant : these concern acid atmospheric corrosion 
fatigue, ‘ hot spot’ corrosion, and excessive oxygen in the 
atmosphere.—k. E. J. 

Immunization of Metals from Corrosion. L. G. Gindin and 
I. N. Putilova. (Doklady Akademii Nauk S.S.S.R., 1952, 86, 
5, 973-975). [In Russian]. Some examples of compounds 
which immunize copper and steel from corrosion in hydro- 
carbons are given. The difference in action of immunizers 
and inhibitors is outlined. An ‘immunizer’ retards the 
beginning of corrosion, whilst an inhibitor lowers its velocity. 

An Air-Cooled Metal Probe for the Investigation of the Corro- 
sive Nature of Boiler Flue Gases. G.G. Thurlow. (J. Inst. 
Fuel, 1952, 25, Nov., 252-255). This paper describes the form 
and application of a temperature-controlled metal test surface 
which can be inserted in boiler flue gases to measure directly 
their corrosive properties. The results obtained are in line 
with the amount of trouble from low-temperature corrosion 
experienced in practice.—D. L. C. P. 

Corrosion of Galvanized Steel in Soils. I. A. Denison and 
M. Romanoff. (J. Res. Nat. Bur. Stand, 1952, 49, Nov., 299- 
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314). The results of measurements of the corrosion of 
galvanized steel and of bare steel and zinc as reference ma- 
terials after exposure to different soil conditions for a maxi- 
mum of 13 years are reported. The magnitude and progress 
of corrosion of galvanized steel as determined by weight loss 
and pitting are interpreted in terms of the environment to 
which the specimens were exposed. Minimum coating 
requirements for different environments are suggested. 

Corrosion of Low-Alloy Irons and Steels in Soils. I. A. 
Denison and M. Romanoff. (J. Res. Nat. Bur. Stand., 1952, 
49, Nov., 315-321). This report contains the results of mea- 
surements of corrosion made on several low-alloy irons and 
steels for exposure to different soils for periods up to 13 years. 
The general effect of the alloying elements was to reduce the 
initial rate of corrosion as measured by weight loss but to 
increase the initial rate of pitting. Except in the very poorly 
aerated soils, the rate of pitting diminished more rapidly with 
time than the rate of pitting of plain steel, with the result that 
the maximum depths of pits after the maximum period of 
exposure were less on the alloy steels than on the plain steels. 
Chromium had the most pronounced effect on weight loss, 
but for the maximum reduction in pitting molybdenum also 
was necessary.—J. C. B. 

Influence of Copper in Steel on the Corrosion Resistance of 
Railway Bridges and Rails. A. Dressler. (Stahl u. Eisen, 
1952, 72, Dec. 4, 1609-1610). Three sections of the super- 
structure of a railway bridge erected 50 years ago were badly 
corroded and large portions have had to be replaced. One 
section has corroded only about half as much, and the remain- 
ing two sections are virtually uncorroded. All sections have 
been exposed to the same operating conditions and weather- 
ing, and have been painted and maintained in the same way. 
The copper content of the steel in the first three sections is nil, 
in the fourth it is 0-07% and in the fifth and sixth it is 0-15%. 
Steel rails, from the same manufacturers, laid in tunnels have 
shown the same relative behaviour. After 1] years’ exposure, 
the rails with 0-3% Cu show a marked superiority in corrosion 
and wear resistance. It is stressed that, even with good pro- 
tective painting schemes, all structural steel to withstand 
corrosion should have an adequate copper content.—4J. P. 

Caustic Cracking in Boilers; Prevention by Chemical Methods. 
C.D. Weir. (Chem. Indust., 1952, Oct. 25, 1040-1049). Caustic 
cracking in boilers arises from the contact of caustic soda with 
stressed metal. Laboratory and plant investigations present 
certain drawbacks which appear to be largely avoided by the 
Schroeder detector test. Arising mainly from American 
experiments, the use of acid phosphates, sodium nitrate or 
cettain organic compounds is recommended, but experience 
in England tends to show that sodium sulphate at 2-5 times 
the caustic soda concentration is a fairly satisfactory protec- 
tive agent in stationary boilers.—s. 0. L. 

Caustic Cracking in Water Tube Boilers with Riveted Drums. 
R. L. Rees. (Chem. Indust., 1952, Dec. 13, 1213-1216). While 

* sodium sulphate is still a satisfactory mechanical preventative 
for caustic cracking, evidence is accumulating that the nitrate 
acts as a good inhibitor, its chief drawback being the rapidity 
of its decomposition under certain conditions. Research is 
recommended on the operation of this and other proposed 
additives.—J. 0. L. 

Caustic Cracking in Steam Boilers: The Intercrystalline 
Corrosion of Mild Steels. KR. N. Parkins. (Chem. Indust., 
1953, Feb. 28, 180-184). Available evidence indicates that 
the mechanism of caustic cracking can be explained in 
relation to grain boundary strain and lattice distortion. 
Systematic collection of data on the metallurgical aspects, 
e.g., methods of test, temperature effects, influence of com- 
position and heat-treatment, examination of service failures, 
might provide sufficient additional information to enable a 
definite conclusion to be reached. Recommendations based 
on existing knowledge are made for the prevention of caustic 
cracking.—J. 0. L. 

How to Cut Corrosion Losses with Magnesium Anodes. 
R. D. Taylor. (Modern Metals, 1952, 8, Nov., 49-51). The 
use of magnesium galvanic anodes as a means of corrosion 
prevention is increasing. The method is used in the protec- 
tion of pipelines, tanks, ships, and domestic water heaters. 
The anodes for use in the ground and on ship’s hulls are 
described.—tT. E. D. 

Potential and Current Requirements for the Cathodic Protec- 
tion of Steel in Soils. W. J. Schwerdtfeger and O. N. McDor- 
man. (Corrosion, 1952, 8, Nov., 391-399). Potentials of steel 
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in 20 air-free soils varying in pH from 2-9 to 9-6 were deter- 


mined. These data and the potential/pH relation for the 
hydrogen electrode were used in fixing the optimum potential 
for the cathodic protection of the steel against corrosion. The 
effectiveness of this potential for the cathodic protection of 
steel in soils was confirmed by weight loss measurements. 
Cathodic polarization curves are interpreted in terms of the 
potential and current requirements for the cathodic protection 
of steel in soils. (15 references).—4J. F. Ss. 

Treatment of Recirculated Cooling Water. J. K. Rice. 
(Corrosion, 1952, 8, Nov., 375-380). A comprehensive review 
of the published work since 1940 on the treatment of recir- 
culated cooling water is presented. (33 references).—sS. F. S. 

Water-Tube Corrosion—The Basic Theory of Chemical and 
Electrolytic Reaction. S. D. Scorer. (Elect. Times, 1953, 
123, Feb., 341-342). 

Water Treatment for High Pressure Boilers. E. L. Streat- 
field. (Trans. Liverpool Eng. Soc., 1952, 98, 147-171). 
Boilers operating at over 500 Ib./sq. in. are considered. 
Processes available for the treatment of make-up water 
include the Jime-soda process, base-exchange softening, H-ion 
blend process, evaporation, and deionization with anion 
exchange resins.—T. E. D. 

Corrosion Due to Tuberculation in Water Systems. J. L. 
Mansa and Waclaw Szybalski. (Corrosion, 1952, 8, Nov. 
381-390). Calgon decreases the cathode potential by adsorp- 
tion, thereby inhibiting oxygen access to the surface, while 
the anode potential increases because Calgon interferes with 
anodic depletion of oxygen. These two effects plus increased 
internal resistance, due to Calgon layer and corrosion products, 
decrease the corrosion current. The formation of layers of 
corrosion froducts in areas of greater water flow limits oxygen 
access and causes tuberculation and corrosion to cease. 


Prevention of Corrosion in Cooling Water. KR. C. Ulmer and 
J. W. Wood. (Corrosion, 1952, 8, Dec., 402-406). The 
reduction of corrosion in cooling water systems generally 
involves formation of a protective layer not too thick to 
impair the efficiency of heat exchange. Treatments include 
pH control, addition of anti-biological substances, insulation 
against stray current corrosion and removal of oxygen. 
Laboratory research suggests that : (1) The controlled calcium 
carbonate method requires too close a control ; (2) chromates 
are effective but expensive in proper concentrations—too 
little produces pitting ; (3) systems involving complex phos- 
phates at pH 6-0 and chromate—phosphate combinations give 
erratic results ; and (4) silicate-phosphate combinations give 
good results.—J. F. s. 

Soil Resistivity Measurements for Corrosion Control. F. O. 
Waters. (Corrosion, 1952, 8, Dec., 407-409). Soil resistivity 
is a rough guide to corrosivity. Measuring instruments are 
compared.—J. F. S. 

Prevention of Corrosion of Buried Metals with Anodes. 
A. F. L. Lunev and G. V. Akimov. (Izvestia Akademii Nauk 
S.SS.R., Otdelenie Khimicheskikh Nauk, 1951, No. 4, 361- 
369). [In Russian]. A comparison was made of the protec- 
tive action of four protectors ; (a) Magnesium, (b) a magnesium-— 
aluminium -zine alloy, (c) an aluminium-zine alloy, and (d) 
zinc. The most effective protection was obtained with (a) 
and (b). 

Effect of Titanium in Galvanic Corrosion. H. Paige and 
Sara J. Ketcham. (Corrosion, 1952, 8, Dec., 413-416). 
Laboratory evaluation of galvanic corrosion suggests that 
titanium alloys and stainless steels act similarly when coupled 
to other metals. However, above 1000° F. in oxidizing 
conditions, titanium loses ductility and becomes more sus- 
ceptible to stress corrosion.—J. F. S. 

Corrosion of Iron and Steel by Aqueous Suspensions of Sul- 
phur. T. W. Farrer and F. Wormwell. (Chem. Indust., 1953, 
Jan. 31, 106-107). Surprisingly rapid corrosion of iron and steel 
is caused by an aqueous suspension of sulphur. Above 0° C. 
and 5% (wt./vol.) of sulphur, the rate increases with sulphur 
content and linearly with temperature, after an initial induc- 
tion period. As a similar response is found in the presence or 
absence of air, this discovery may help to explain the mechan- 
ism of the sulphate-corrosion of buried metals.—s. 0. L. 

Corrosion Factors in Design and Lubrication. (Product Eng., 
1952, 28, Oct. 142-147). Two of the many variables that 
effect corrosive attack are the design and lubrication of any 
part. The velocity of a corrosive fluid can have a marked 
effect ; rates of flow should be high enough to prevent deposi- 
tion but not so high that impingement attack results. Crevices 
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must be avoided. Lubricants used on bearings should be so 
compounded as to be substantially non-corrosive to the 
bearing metal. The subject of fretting corrosion is touched 
on.—A. M. F. 

Microstructural Characteristics of Acid Corrosion in 18%,Cr, 
8-14% Ni, 3% Mo Steels. H. T. Shirley. (J. Iron Steel Inst., 
1953, 174, July, 242-249). [This issue]. 

Corrosion Properties of Corrosion-Resistant Steels in Oxidiz- 
ing Solutions. M.M. Kurtepov and G.V.Akimov. (Doklady 
Akademii Nauk S.S.S.R., 1952, 87, 1, 93-95). [In Russian]. 
The influence of additions of potassium dichromate, potassium 
permanganate, and ammonium vanadate to nitric acid on 
the corrosion of corrosion-resistant steels was investigated. 
Under certain conditions the resistance of a steel to corrosion 
was very much lowered. The authors called this ‘ over- 
passivation ’.—v. G. 

Blade Problems and Corrosion Fatigue in Hydraulic Turbines. 
A. B. Winterbottom. (Tekn. Ukeblad, 1952, 99, Oct. 23, 
802-805). [In Norwegian]. The nature of vibration stresses 
in Pelton buckets is reviewed and reference made to published 
work on corrosion fatigue of metals in fresh and salt water. 
Remedial measures suggested are water-conditioning by 
chromate inhibitors, cathodic protection, and protective 
coatings such as zinc.—G. G. K. 

Corrosion Resistance of Cast Irons in Dilute Acids. I. litaka 
and K. Sekiguchi. (Waseda Univ., Rep. Casting Res. Lab., 
1950, Jan., 4-6). [In English]. Acid resistance has been 
determined in terms of gas evolution and loss in weight in 
hydrochloric, sulphuric, nitric, and acetic acids. The effects 
of chromium additions (up to 30%) on grey cast iron, and of 
Si, Ni, Mn, Cr, Al, Cu, and brass additions to high-silicon iron 
are plotted and discussed.—k. E. J. 

The Prevention of Corrosion by Dehumidification of the Air. 
H. Netz. (Werkstoffe u. Korrosion, 1953, 4, Jan., 2-4). In 
plants using wet processes, severe corrosion will occur unless 
steps are taken to dispose of the water vapour escaping into 
the atmosphere. The theoretical principles underlying the 
dehumidification of air are discussed and their application is 
illustrated by a practical example.—,s. c. H. 

Important Dates in the History of Corrosion Prevention up 
to 1935. G. Seelmeyer. (Werkstoffe u. Korrosion, 1953, 4, 
Jan., 14-20). This is an historical survey of the evolution of 
methods of preventing metallic corrosion. These methods 
are considered under four heads : Protective coatings, water 
treatment, cathodic protection, and use of rust-resisting steels. 
(95 references).—J. C. H. 

The Cause of Chemical Resistance of Stainless Steel. I. D.G. 
Berwick and U. R. Evans. (J. Appl. Chem., 1952, 2, Oct., 
576-590). The corrosion of stainless steel by dilute sulphuric 
acid is accelerated by anodic treatment (when Cr®+ enters the 
solution) or by cathodic treatment (when Cr*+ enters). In 
acid containing oxygen, the corrosion is negligible and the 
potential positive, in acid freed from oxygen with hydrogen, 
nitrogen or argon, corrosion is relatively rapid and the poten- 
tial negative. After short exposure to oxygen-containing 
acid, the replacement of oxygen by another gas produces 
activity ; the time required for the change increases as the 
preliminary exposure to oxygen is prolonged. The time 
needed for active stainless steel to become passive depends on 
the amount of oxygen introduced; below a certain concentra- 
tion, it never becomes passive; above it, the reciprocal of the 
time needed is a rectilinear function of the oxygen added. 
The attack on stainless steel in 20°% acid is increased by 
junction to carbon over which oxygen is passed ; the direction 
of the current generated shows that the stainless steel is being 
drained of electrons which, according to the electron theory, 
should tend to render it passive.—£. C. s. 

Corrosion Proofing Grumman War Planes. F. L. Bonem. 
(Products Finishing, 1952, 17, Dec., 24-38). The procedure 
for protecting metal parts of U.S. naval aircraft is described. 
These are either given a conversion coating and painted or 
are plated with cadmium. Full details are given with the 
exception of the composition of the proprietary chemicals 
used.—J. P. 

Observation on Scaling of Iron. W. J. Wrazej. (Trans. 
Amer. Inst. Min. Met. Eng., 1953, 197, J. Met., 1953, 5, Feb., 
265-266). By careful observation of the scale on electrolytic 
iron and Armco iron, the author shows that the technique of 
handling the micro-samples can greatly influence the appa- 
rent thickness of the Fe,O; layer. He shows that this con- 
stituent exists in greater proportion than is generally accepted. 
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High Temperature Oxidation of Some Iron-Chromium 
Alloys. D. Caplan and M. Cohen. (Trans. Amer. Inst. Min. 
Met. Eng., 1952, 194, J. Met., 1952, 4, Oct., 1057-1065). The 
scaling characteristics of three iron-chromium alloys, contain- 
ing 12%, 16%, and 27%, Cr respectively, have been studied 
by determining their gain in weight after various times at 
temperatures ranging from 1600 to 2000° F., and the results 
are presented. The scales produced have been examined by 
X-ray diffraction, and spectrographic and metallographic 
analysis in an attempt to explain the discontinuities in the 
curves, and the scaling mechanisms are discussed. The 
alternate periods of accelerated oxidation and high protec- 
tiveness in the 27%, Cr alloy are felt to be due to accumula- 
tion of silica at the scale-metal interface.—«. F. 


ANALYSIS 


Ferrous Metallurgy. H.F. Beeghly. (Analy. Chem., 1953, 
25, Jan., 30-36). The literature on general analytical me- 
thods of analysing iron, steel, and ferrous alloys is surveyed. 
(161 references).—tT. EF. D. 

Photometric Determination of Silicon in Ferrous, Ferro- 
magnetic, Nickel, and Copper Alloys. ©. L. Luke. (Analy. 
Chem., 1953, 25, Jan., 148-151). Apparatus, reagents, and 
procedure of an analytical method for the determination of 
silicon is described. Interfering elements are removed by a 
carbamate-chloroform extraction, and silicon is determined 
by the photometric molybdenum blue method. Many 
examples of results on samples of known silicon content are 
given.—T. E. D. 

The Use of a Carbon Electrode in the Spectrum Analysis of 
Alloys. I. M. Veselovskaya, V. G. Koritskii, and L. N. 
Filimonov. (Zavodskaya Laboratoriya, 1950, No. 4, 438-446). 
[In Russian]. <A general survey is given of the special features 
of results obtained when using various forms of carbon elec- 
trode in the spectrum analysis of alloys. Experiments on the 
use of carbon electrodes for the spectrum analysis of steels 
covering a large range of composition are described, in which 
the effects of the sparking on the sparked surface of the speci- 
men were investigated. The general conclusion is that the 
effect of the auxiliary electrode varies with time and is intim- 
ately connected with the action of the spark on the specimen. 

X-Ray Spectrum Analysis Using Secondary Spectra. M. A. 

Blokhin. (Zavodskaya Laboratoriya, 1950, 16, 6, 681-687). [In 
2ussian]. An improved design of X-ray short-wave fluor- 
escence spectrograph is described for the rapid determination 
of a large number of elements in ores, minerals, concentrates, 
alloys, and alloy steels.—s. k. 

Use of Non-Aqueous Solvents in the Thiocyanate Method for 
the Colorimetric Determination of Iron. A. K. Babko and 
V. S. Kodenskaya. (Zavodskaya Laboratoriya, 1950, 16, 6, 
643-648). [In Russian]. In the experiments described, the 
behaviours of two types of organic solvent used in the thio- 
cyanate method of determining ferric iron were compared, 
and some factors influencing the coloration were investigated. 

Amperomeiric Determination of Zinc in Brasses and 
Galvanizing Baths. A. A. Popel’ and A. T. Marunina. (Zavod- 
skaya Laboratoriya, 1950, 16, 6, 658-661). [In Russian]. The 
amperometric method described enables a determination of 
zine in acid or alkaline zine-plating electrolyte to be carried 
out in 20-25 min. The solution used for the titration is 
0-1N ferricyanide.—s. kK. 

Contribution to the Determination of Nitrogen in Plain 
Carbon Steels. F. Meunier and A. Demarez. (Rev. Mét., 
1952, 49, Sept., 647-654). After reviewing chemical methods, 
a procedure based on the direct measurement of the con- 
ductivity of the condensate is described, and a graph is given 
for the rapid determination of nitrogen in steels. Accuracy 
is within 0-0005% on 1 g. of a steel containing 0-01% 
nitrogen.—aA. G. 

Separation and Determination of Aluminium Nitride in 
Carbon Steels. F. Meunier and A. Demarez. (Rev. Mét., 
1952, 49, Sept., 655-663). A study of the behaviour of 
synthetic aluminium nitride and of the available methods for 
the dissolution of steels shows that attack by bromine solution 
in the presence of methyl acetate is preferable. The aluminium 
nitride is left in the residue and determined by distillation 
with excess soda when ammonia is liberated. The effect of 
thermal treatment on the quantity of aluminium nitride 
separated and determined is described.—a. G. 

Sampling of Liquid Steel for Dissolved Oxygen. G. F. Huff, 
G. B. Bailey, and J. H. Richards. (Zrans. Amer. Inst. Min. 
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Met. Eng.; J. Met., 1952, 4, Nov., 1162-1167). The authors 
describe a modified bomb-sampling device designed to give 
better protection against slag contamination. Vacuum-fusion 
analyses of the samples for oxygen show very good agreement 
both within one sample and between duplicate samples. This 
method is probably more accurate than any other. The effect 
of the amount and size of the aluminium wire used in the 
bomb is found to be insignificant in the range studied. The 
carbon-oxygen relationships and equilibrium conditions in 
the bath are examined.—c. F. 

Sorting of a Mix-Up in a Steel Plant. S. Viswanathan. 
(Metal Market Review, 1952, 5, July, 7, 15-18; July 14, 
15-18). The author considers, in some detail, a number of 
methods which are available for the identification of different 
types of steel. The quickest method of testing is by observa- 
tion of the sparks by grinding. Chemical spot tests can be 
used to detect manganese in austenitic steels, nickel, chromium, 
and cobalt. A number of instruments are described for 
identification of a steel which are based on measurement of 
magnetic properties, the triboelectric effect (not for use when 
nickel or copper is present), and the electrical resistance or 
the thermoelectric effect.—n. G. B. 

Quantitative Analysis of Sponge Iron. J. Aubry and F. 
Marion. (Compt. Rend., 1952, 285, Dec. 10, 1509-1510). A 
method is described in which the iron metal is selectiv ely 
attacked by a solution of ammonium argentosulphocyanide 
in a mixture of water and dioxane, and titrated in the ferrous 
state. After eliminating silver, the iron oxides are dissolved 
in acid and titrated as ferrous and ferric ions.—a. «G. 

A Test to Determine the Effect of Different Sized Dishes in 
Ash Determination. R. C. Tomlinson and A. H. Edwards. 
(Fuel, 1952, 31, Oct., 468-474). The tests, which were simple 
but statistically designed, showed that the use of a smaller 
flangeless dish (49 mm. inside dia.) gave results very slightly 
higher than those obtained with a larger flanged dish (57 mm. 
inside dia.). The difference was small, between 0-01 and 
0-11, and the accuracy of the determination was the same in 
both cases.—B. G. B. 

Determination of Calcium, Magnesium and Iron in Lime- 
stone. K. L. Cheng, T. Kurtz, and R. H. Bray. (Analy. 
Chem., 1952, 24, Oct., 1640-1641). A titration procedure for 
the determination of calci ium, magnesium and iron, based on 
the complexing action of Versenate (disodium salt of ethyl- 
enedinitrilo tetra-acetic acid) at appropriate pH levels, is 
described.—t. E. D. 

The Absorptiometric Determination of Chromium in Steels 
and Alloys. A.A.R. Wood. (Analyst, 1953, '78, Jan., 54-60). 
An absoptiometric method is proposed for chromium in a wide 
variety of steels and alloys. The effect of phosphoric acid 
on the colour due to iron in perchloric acid solutions of dichro- 
mic acid has been studied and the results are shown. The 
effect of various reducing agents was studied and interferences 
encountered are mentioned.—t. E. D. 

Sampling and Grading of Metals. J.Blanderer. (Z. Erz. u 
Met., 1952, 5, July, 257-263). Practical limits for purely 
mechanical sampling are derived from the mathematical laws. 
Considerations of sorting for the sampling are discussed, with 
particular reference to the purification of scrap. The extent 
to which the sorting should be carried out is discussed with 
numerous examples.—Rk. Ss. W. 

Photometric Determination of Titanium. M. Zimmermann. 
(Z. Erz. u. Met., 1952, 5, Apr., 148-149). The control of the 
reagent chromotropic acid (1-8 dioxy—3-6 naphthaline- 
disulpho acid), its preparation, and its applicability for the 
quantitative photometric determination of titanium are 
described. A Pulfrich photometer was used in the spectral 
ranges of filters $47, S50, and 853. The interfering effects of 
the presence of vanadium and molybdenum are described 
numerically. The experimental procedure for the deter- 
mination is given in detail.—Rr. J. w. 

Potentiometric Determination of Molybdenum in Steels. I— 
Cr-V-Mo Steels. F. Burriel Marti and R. Suarez Acosta 
(Inst. Hierro Acero, 1952, 5, Oct.—Dec., 1227-1229). [In 
Spanish]. The method used is reduction of molybdenum 
with zinc and a chromic salt, and subsequent oxidation of 
molybdenum with potassium chlorate solution. The analysis 
can be made at room temperature.—Rk. s. 

Rapid Method for Determining Iron Oxide in the Presence of 
Chromium. S.T. Balyuk and V.M. Mirak’yan. (Zavodskaya 
Laboratoriya, 1950, 16, 1, 100-101). The rapid method of 

determining ferric oxide in chromites and chrome-magnesites 
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described is based on titration with trivalent titanium in the 
presence of thiocyanate, and does not require the preliminary 
separation of chromium. Results are obtained in 2-3 min. 

Analysis of High Temperature Alloys by X-ray Fluorescence. 
R. M. Brissey. (Analy. Chem., 1953, 25, Jan., 190-192). 
Samples are subjected to X-rays of sufficient intensity to 
excite the characteristic radiations of the elements in the 
sample. The intensity of these characteristic lines are related 
to the concentrations of the components, but the method is 
limited to elements with atomic numbers above 22. The 
radiation is measured by a Geiger counter tube.—T. E. D. 

Thermal Conductivity Method for Analysis of Hydrogen in 
Steel. B.M. Shields, J. Chipman, and N. J. Grant. (Trans. 
Amer. Inst. Min. Met. Eng., 1953, 197, J. Met., 1953, 5, Feb., 
Section 1, 180-184). The authors have modified the vacuum 
tin-fusion apparatus to permit analysis of the evolved gases 
for hydrogen by means of a thermal conductivity cell. A 
sample can be analysed in 10 min. with a probable error of 

+0-12p.p.m. It isshown that hydrogen samples can safely 
be held in dry ice—acetone baths for as long as six = 8, longer 
periods necessitating storage in liquid nitrogen.—c. 

A Gas Analyser Based on the Absorption of Infra-Red Rays. 
(Mét. Constr. Mécan., 1952, 84, Nov., 869-871). The Onera 
gas analyser is described and illustrated. Its main advantages 
are its sensitivity and the possibility of determining two gases 
simultaneously.—R. s. 

Determination of Nitrogen in Steel by the Spectrum Method. 
S. L. Mandel’shtam and O. B. Fal’kova. (Zavodskaya 
Laboratoriya, 1950, 16, No. 4, 430-438). [In Russian]. The 
investigation described was carried out to explore the possi- 
bility of the simultaneous extraction and excitation of gases in 
metals by means of a powerful discharge between an electrode 
of the metal and an auxiliary electrode. All the experiments 
consisted of the determination of nitrogen in steel.—s. K. 

The Use of a Steeloscope with an Improved Photometric Eye- 
Piece for the Rapid Analysis of Metals and Alloys. L. M. 
Ivantsov, V. I. Malinina, and V. V. Polyakova. (Zavodskaya 
Laboratoriya, 1950, 16, No. 4, 453-457). [In Russian]. An im- 
proved photometric eye-piece for any type of steeloscope is 
described ; this has facilitated the classification of high-alloy 
steels and some non-ferrous alloys. The elements and respec- 
tive concentration ranges for which the instrument has been 
tested for steels are : Mo, 0:2-0°7% ; Ni, 0:4-2-3% ; Mn, 
0-15-1-04% ; W, 2-0-9-0% ;V,0-25-3-0% ;Cr, 0-3-22-0%. 
Results for silicon in the 0-3—1-0°, range were unsatisfactory. 

The Use of an Aqueous Solution of Dimethylglyoxime in the 
Gravimetric Determination of Nickel in Steels. A. D. Sapir. 
(Zavodskaya Laboratoriya, 1950, 16, No. 4, 494). [In Russian]. 

An Autoradiographic Technique by Neutronic Irradiation for 
Revealing the Boron Constituent in Boron Steels. H. Faraggi, 
A. Kohn, and J. Doumere. (Compt. Rend., 1952, 285, Oct. 6, 
714-716). The reaction B(n, «)’Li is utilized. Samples of 
the steel suitably heat-treated are placed against an Ilford C, 
nuclear plate and irradiated with slow neutrons. Fine boron 
precipitates can be detected in steels with 0-01°% boron.—a. G. 

Determination of Residual Chlorine in Metal Finishing 
Wastes. H. C. Marks and N. 8S. Chamberlin. (Analy. 
Chem., 1952, 24, Dec., 1885-1887). The applicability of the 
o-tolidine method, amperometric titration, and iodometric 
titration for the determination of residual chlorine in cyanide 
wastes is examined. Interference by the chromate ion and 
other heavy metal ions, including copper and silver, are 
mentioned.—t. E. D. 

Determination of Carbon and Hydrogen in Coal. N. G. 
Banerjee. (J. Sci. Indust. Res., 1953, 12B, Jan., 25-28). A 
modification of Fenton’s method has been worked out for the 

rapid and accurate determination of carbon and hydrogen in 
coal, coke, coal-tar, and other by-products. The values for 
carbon and hydrogen are within + 0-10% and + 0-:03%, 
respectively, of those obtained by the usual Liebig method 
and are repeatable for coal having up to 30% ash.—4. o. L. 


HISTORICAL 


Evolution of the Scientific Basis of the Iron and Steel 
Industry Across the Centuries. J. Almunia y de Leon. (Anal. 
Mec. Elect., 1952, 29, May—June, 115-130). [In Spanish]. 
The author sketches the trend of scientific thought from the 
Greek philosophers of the VIth century B.C. up to the present 
time.—R. s. 

Reconstruction of the Old Mirandaola Ironworks. L. 
Barreiro. (Bol. Min. Indust., 1952, 31, June, 239-240). 
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Iron and Steel in Antiquity. J. Apraiz Barreiro. (Bol. 
Min. Indust., 1952, 31, June, 241-243). [In Spanish]. 

Ancient Processes of Making Malleable Iron Direct from the 
Ore. (Bol. Min. Indust., 1952, 31, June, 243-244). [In 
Spanish]. 

Steelmaking in Antiquity. (Bol. Min. Indust., 1952, 81, 
June, 245-247). [In Spanish]. 

Procedures and Furnaces Employed to Make Malleable Iron 
Direct from the Ore from the Middle Ages up to the XIXth 
Century. (Bol. Min. Indust., 1952, 81, June, 248-253). [In 
Spanish]. 

Jacob Mayer, the Inventor of Steel Founding. A. Heuvers. 
(Giesserei, 1953, 40, Jan. 8, 27-29). Historical details con- 
cerning the invention of steel founding by Jacob Mayer are 
given.—J. G. W. 

A Great French Metallurgist: J.-B. Boussingault. (Aciers 
Fins Spec. Frang, 1951, Nov., 49-51). The education and 
career of Jean-Baptiste Boussingault, 2nd Feb., 1802, to 11th 
May, 1887, are briefly traced.—®. c. s. 


ECONOMICS AND STATISTICS 


Sweden’s Iron and Steel Industry. (Metal Bull., 1953, 
Special Issue, Mar., 3-19). This review shows why the 
Swedish industry first became important and continues to 
hold its place in the world markets. Data are given on the 
Swedish iron and steel imports and exports, and total produc- 
tion figures are given for the last four years. A survey of ten 
important steelworks is made.—4J. c. B. 

Presidential Address. R. Hay. (J. West Scotland Iron 
Steel Inst., 1951-52, 1-8). The developments in the iron and 
steel industry in Scotland since about 1895 are described with 
a view to comparing the background against which the above 
Institute operated in those times with that of the present time. 


The Iron and Steel Industry of Western Europe from the 
Territorial Point of View. F.Scheunemann. (Stahl u. Hisen, 
1953, 73, Feb. 12, 227-230). 

Consumption of Raw Materials in the United Kingdom 1851- 
1950. C.T. Saunders. (J. Roy. Stat. Soc., 1952, 115, Part 3, 
313-346). Separate statistics of the consumption of finished 
steel and of finished iron products have been prepared over 
the period 1851-1950. Trends are indicated, and results are 
compared with a 1935 index of 100.—J. c. B. 


MISCELLANEOUS 


Principles of Present-Day Dust Collectors and Their Applica- 
tion to Mining and Metallurgical Industries. J. M. Kane and 
R.H. Walpole. (Min. Eng., 1953, 5, Jan., 85-88). A review 
is given of designs of dust collections, 7.e., dry centrifugal type, 
fabric arrestors, various wet collectors, and electrostatic 
precipitators. Dust disposal is discussed briefly.—k. E. J. 

Size of Dust Collector Cyclones. V.de Bertren. (Ingenieria 
e Industr., 1952, 20, Aug., 91-92). [In Spanish]. Some 
general remarks are made on particle size and the degrees of 
pollution in various locations and industries. Dust catchers 
are classified, and a table gives size of orifices and air require- 
ments for various types of machine.—R. s. 

The Problem of Harmful Dusts. L. Dautrebande. (Rev. 
Ind. Min., 1952, 38, Sept., 669-684). Only powders below 
3 microns are respirable, and particularly harmful are those 
unaffected by water barriers, e,g.. silica. The total weight of 
powder in the air is an insufficient guide, both size analysis 
and number of particles being of importance.—a. G. 

Handling and Packaging. (Steel, 153, 182, Jan. 5, 426-440). 
American firms are paying more attention to handling and 
packing, and the integration of these processes with manu- 
facture. Overhead handling machines are being designed 
for higher maximum speeds. Lift trucks are being made 
with greater versatility and increased capacity. A vapour 
phase inhibitor anti-corrosion packing is giving excellent 
protection of steel parts.—D. L. Cc. P. 

Servicing and Maintenance. (Steel, 1953, 182, Jan. 5, 450- 
460). Tangible savings are reported to result from a first- 
class maintenance service with good fixed and portable equip- 
ment. Recent ideas on cleanliness, tidiness, lighting, colour 
schemes, safety, flooring, corrosion, and scrap and waste 
recovery are mentioned.—D. L. Cc. P. 


Productivity Report on Inspection in Industry. (British 
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Productivity Council, Jan., 1953). The team which visited 
the U.S.A. found, among other things, that the best British 
practice is not behind the best in the U.S.A., but there is a 
larger enthusiastic following there than is evident in Great 
Britain. It was observed that with the increasing use of 
statistical quality control there is an increased use of measure- 
ment as opposed to go—no-go gauges.—R. A. R. 

Using University Facilities for Industrial Research. H. K. 
Work. (Product Eng., 1952, 28, Oct., 185-189). The rela- 
tionship between the universities and industry in the field of 
research are discussed.—A. M. F. 

Société Francaise de Métallurgie. (Aciers Fins Spec. Frang., 
1952, June, 8-12). The history, purpose, activity, and future 
prospects of this Society are considered.—®. C. s. 

Metal Stitching Can Help to Reduce Costs of Fastening. 
(Machine Design, 1952, 24, May, 151-153). Metal stitching 
can be used to join thin-section metals and non-metals at 
high production rates without precleaning, drilling, punching, 
or hole alignment.—R. A. R. 

Metallurgical Research in the Netherlands. J.D. Fast and 
E. M. H. Lips. (Metal Progress, 1953, 68, Jan., 109-111). 
A survey of research work carried out primarily on metal 
fabrication techniques and on the use of metals and alloys 
in the Netherlands is presented. Among the subjects discussed 
are the production of transformer steel having excellent 
shearing properties, the embrittlement of iron by oxygen 
and the development of the self-starting welding electrode. 


B. G. B. 
Metallurgical Research in the United States. G. Blanc. 
(Usine Nouvelle, 1953, 9, Jan. 22, 53-55). Government 


research centres, federal organizations, research institutes, 
and universities are mentioned, and the fields of investigation 
undertaken are outlined. Industry is also stated to finance 
much of the research as well as carrying out its own pro- 
grammes.—T. E. D. 

Water Softening and Conditioning Problems. D. H. Caldwell 
and W. B. Lawrence. (Indust. Eng. Chem., 1953, 45, Mar., 
535-548). Graphs are presented for solving simultaneously 
the equilibrium equations involved in water softening and 
conditioning problems, particularly CaCOg stability control. 
Basic theory, and comparisons with experimental data, are 
given. Diagrams apply to waters of 200-1000 p.p.m. mineral 
content. (11 references).—k. E. J. 

Atmospheric Pollution. L. C. McCabe. (Indust. Eng. Chem., 
1952, 44, Dec., 99a—102A). The new Hemeon low-cost auto- 
matic air filter (similar to the British Owens type) provides 
samples on filter paper which may be evaluated by blackness 
measurements and/or optical and analytical methods. In a 
6-hr. period, 60 cu. ft. of air are aspirated.—k. E. J. 

Safety Organisation and Practice at Iron Knob Quarries and 
Whyalla Works. J. K. Richards. (Proc. Australasian Inst. 
Min. Met., 1951, Sept.—Dec., 165-176). 

Telecommunication Systems at the Abbey Works of the 
Steel Company of Wales. (Brit. Steelmaker, 1953, 19, Feb.., 
68-71). Materials movement and processing at the Abbey 
Works of the Steel Company of Wales Ltd. is directed with 
the aid of very high frequency radio, public address systems, 
and telephones. A brief outline of the systems is given with 
special reference to the radio communication between control 
centres and locomotives.—G. F. 

Modern Developments in Instrument Panels. L. Walter. 
(Mech. World, 1952, 182, Dec., 257-259). Details are given 
of recent improvements in instrument panel design. Simplicity 
is achieved by systematic grouping in the smaller panels and 
by the use of flow diagrams and miniature instruments in 
the larger panels.—p. H. 

Human Relations—For Improved Shop Performance. Kk. 
Smith. (J. Met., 1952, 4, Dec., 1280-1281). An important 
factor contributing to successful operation in the steel 
industry is the relation between workers and the management 
The author discusses this point and shows how attention to 
human relations has improved shop performance at the 
Colorado Fuel and Iron Corp.—e. F. 

Review of Iron and Steel Literature for 1951. V.S. Polansky. 
(Blast Furn. Steel Plant, 1952, 40, July, 793-800). A list 
of books and pamphlets on iron and steel published during 
1951, and of earlier date not included in a previous review, 
is given.—R. G. B. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





302 BOOK NOTICES 


Cazaup, R. “ Fatigue of Metals.’’ Translated by A. J. 
Fenner, with a Foreword by H. J. Gough. La. 8vo, pp. 
xiv + 334. Illustrated. London, 1953 : Chapman and Hall, 
Ltd. (Price 60s.) 

A comprehensive survey of the fatigue of metals is long 
overdue, as it is almost 30 years since Dr. Gough wrote his 
book, which became the standard work of reference on 
fatigue in Great Britain. Dr. Cazaud’s book will now 
succeed to this position, as it is primarily a work of refer- 
ence ; the major portion of the book is devoted to detailed 
information of the fatigue strength of a wide range of 
metals, and the influence of various factors on fatigue 
strength. 

The opening chapters deal with the characteristics of 
fatigue failures, the theories of the mechanism of fatigue and 
the types of tests and testing machines used. They serve 
as a useful introduction to the present-day knowledge of 
the subject. The information on the fatigue strength of 
specific materials is set out clearly in tables and diagrams, 
and includes numerous results not previously published, 
many of them from the author’s own work. He deals 
thoroughly with the effect on fatigue strength of the type 
of stressing, stress concentrations, surface conditions, tem- 
perature, and corrosion. These chapters also include much 
detailed information on many materials, and should be 
particularly useful to designers. The book ends with an 
important chapter on the fatigue strength of machine com- 
ponents. An extensive bibliography is given at the end of 
each chapter. 

Mr. Fenner has made a good translation, though he ought, 
in the next edition, to change the units from kilogrammes 
per square millimetre to tons per square inch. 

G. Forrest 

ErcuEeL, Karu. “‘ Das basische Windfrischverfahren.” La. 
8vo, pp. [xii +] 378. Illustrated. Berlin, 1952: Verlag 
Technik. (Price DM 24.—) 

This book is more than a treatise on the basic-Bessemer 
process ; it is something in the nature of a handbook for 
steelworks’ managers, covering all the aspects of steel- 
making by the basic converter methods, and it includes 
quite considerable sections on the teeming of basic- 
Bessemer steels, the layout of Bessemer steelworks, etc. 

It cannot be said that this book contains anything new ; 
on the other hand, it is a very extensive and up-to-date 
review of all the developments, experiments, and theories 
which have exercised the minds of German converter 
operators, research workers, and others from 1924 to 1952. 
No less than 233 references are included, practically 
without exception from Stahl und Eisen, and there are 266 
illustrations from the same source. 

Practically every aspect of the basic-converter process 
has been considered, in particular of course the recent 
*mixed-blast ’ and H.P.N. techniques for obtaining low, 
nitrogen steels, and also the various slag-recovery processes 
for the production of vanadium-bearing metal. 

This book is published in the Soviet Sector of Berlin. 
Suitable references appear in the author’s preface to the 
importance of the metallurgical industry in Socialist 
economy and the expressed wishes of the Minister for Iron 
Mines and Foundries. A lengthy dedication makes it clear 
that the book is intended primarily for men engaged in 
Bessemer steelmaking, in particular, for the younger 
generation taking up steelmaking as a career. Whilst there 
is some risk of giving the latter mental indigestion from a 
diet of so many and varied references, the general arrange- 
ment of the book is good and it should achieve its purpose. 

D. J. O. BRanpt 

Pomp, Anton. ‘‘Stahldraht. Seine Herstellung und Eigen- 
schaften.” 2., umgearbeitete und erweiterte Auflage. 
8vo, pp. xiv + 392. Illustrated. Diisseldorf, 1952: 
Verlag Stahleisen m.b.H. (Price DM 38.—) 

There is a great store of published scientific knowledge 
about wire manufacture of the utmost practical value, and 
the author’s aim has been to place this fund of information 
at the disposal of those engaged in the steel wire industry. 
Professor Pomp is well known for his researches, first at the 
Kaiser-Wilhelm Institute in Diisseldorf and subsequently as 
director of the Aachen Research Institute for Plastic Defor- 
mation ; as chairman of the Committee for Wire Manufac- 
ture of the Verein Deutscher Eisenhiittenleute since its 
inception, he has been in intimate contact with the German 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


steel wire industry and has guided its co-operative indus- 
trial research for over a decade. The first appearance of 
his book during the war did not receive the notice it 
deserved. It is to be hoped that this will be remedied on 
the occasion of the second edition, for which the text has 
been brought thoroughly up-to-date, especially on develop- 
ments outside Germany, so that the picture that it presents 
of wire manufacturing practice is not limited by national 
frontiers. English-speaking readers will be glad to learn 
that an English translation is in course of preparation. 

The book is notable for being comprehensive, the author’s 
sure command of each topic and the orderly arrangement of 
his exposition. The reader is led step by step from the 
history of the drawing of iron and steel wire through infor- 
mation about rod and about dimensional specifications of 
wire ; treatments preparatory to drawing ; the mechanics 
of drawing ; the effect of drawing on physical properties ; 
machines, dies, and ancillary equipment ; fundamentals of 
heat-treatment, installations, and common faults ; flatten- 
ing, straightening, and polishing ; galvanizing and tinning ; 
and testing. Finally, a classified and chronological biblio- 
graphy contains 823 references. The expert will be grateful 
to the author for the skilful collation of the findings of so 
many investigators and for the orderly exposition which 
facilitates reference to particular aspects of problems. He 
will also appreciate the author’s cautious judgment of 
issues that still remain open ; the facts are in the book, but 
the explanation is lacking. This only goes to show that, 
although the amount of scientific knowledge concerning 
steel wire manufacture is much greater than is commonly 
supposed, yet the scope for further investigation is still 
enormous. From this point of view Professor Pomp’s book 
is only the starting point ; but those who want to push 
further into the unknown could not wish for a more 
scholarly and reliable send-off.—J. G. WIsTREICH 


KuBAscHEwSKI, O., and B. E. Hoprxtns. ‘“ Oxidation of 
Metals and Alloys.” La. 8vo, pp. xvi + 239. Illustrated. 
London, 1953 : Butterworth’s Scientific Publications, Ltd. 
(Price 35s.) 

This excellent monograph is timely, for there has recently 
been a great increase of interest in metallic oxidation, 
especially in that of high-temperature-resistant alloys and 
of the ‘new’ metals now coming into commercial produc- 
tion and use. The authors have surveyed the somewhat 
scattered literature of the last 25 years or so and have 
achieved a remarkable degree of success in writing a con- 
cise account of it in fewer than 250 pages. 

The book is arranged in four main sections : Basic Infor- 
mation (60 pages); Experimental Methods (53); Mechanism 
(42); and Experimental Results (60). This arrangement 
inevitably involves some degree of repetition, especially 
with regard to the first and third sections, and one wonders 
whether a great deal of the ‘ basic information ’ could not 
better have been discussed under ‘ mechanism.’ It is also, 
at first glance, a little odd to have to wait for ‘ experimental 
results ’ until the last quarter of the book. However, the 
subject is one in which it is difficult to appreciate new, ad 
hoc, experimental results on particular metals and alloys 
without a thorough knowledge of the general theories and 
hypotheses that have been evolved on the basis of experi- 
ments on a few of the commoner metals, and the authors 
may well be right to put all the general theory first. 
Furthermore, the book is so well equipped with references, 
and author and subject indexes, that it is easy to find a 
particular topic both from the experimental and from the 
theoretical point of view. 

In the very welcome section on experimental methods 
the authors make some attempt to assess the especial 
values of the different techniques. The section on mechan- 
ism contains extended abstracts of the various mathematical 
theories that have been proposed ; probably wisely at this 
stage of our knowledge, the authors give the original 
workers’ points of view and do not attempt to link the 
several models of film growth by means of a critical 
discussion. 

A few minor blemishes might be removed in the second 
edition that will undoubtedly be called for within a few 
years. Thus, on p. 128 a number of substances are de- 
scribed as ‘‘ purely ionic ’’ when what is meant is “ almost 
purely ionic conductors.” There are also a few omissions; 
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BOOK NOTICES 


although the authors state that ‘“‘ the term ‘ oxidation ’ is 
used in the general sense of any surface process that is 
accompanied by a delivery of electrons to the metal,” they 
present relatively little discussion of oxidations by halogens 
and by sulphide-forming reagents. Oxidation below 100°C. 
or so is deliberately omitted, except where the results 
“ support results obtained at higher temperature ’’—surely 
a somewhat misleading procedure ; it is to be greatly hoped 
that the second edition will be expanded to include low- 
temperature oxidations, whether or not they fall into line 
with the corresponding high-temperature reactions ! 

Both the authors and the publishers are to be congratu- 
lated on the up-to-date nature of the monograph ; many 
1952 papers are quoted. The recent fundamental work of 
Hauffe and his collaborators on alloy oxidation thus 
receives a welcome treatment. Also, the world-wide 
interest in the subject is rightly emphasized in the way the 
authors have so conscientiously read and summarized 
papers from all the principal laboratories of the world where 
oxidation work has been conducted ; there are today too 
many so-called monographs of which similar remarks cannot, 
unfortunately, be made. 

The book is pleasantly printed (with extremely few errors) 
and bound. No-one interested in its subject matter can 
afford to be without it.—T. P. Hoar 


“La Pratique des Traitements Therm- 
4e edition. Preface de 


iques des Métaux Industriels.” 
Paris, 1953: Dunod. 8vo, 


G. Bouteiller. 8vo, pp. 405. 
pp. 405. Paris, 1953 : Dunod. 

In his preface, the head of the heat-treatment labora- 
tories of Peugeot tells us that it is left to a practical man 
to reveal in precise and concise terms the present 
practice of heat-treatment. The author is a practical 
heat-treatment manager with many years’ experience and 
a professor of metallurgy at Lille Technical High School. 

Following a brief sketch of the principles of the manu- 
facture of iron and steel, the author explains the funda- 
mentals of the Fe-C phase diagram, reviews service condi- 
tions and the selection of steels, and describes some practical 
identification tests. Chapter Six considers the aims of heat- 
treatment and describes case-carburizing methods (including 
such practical points as the protection of personnel in 
cyaniding practice), quenching methods, and the principles 
of isothermal treatments, tempering, and annealing. 
Chapter Seven is devoted to nitriding in all its practical 
aspects. Chapter Eight reviews practical applications of 
heat-treatment to various qualities of steel. Chapter Nine 
surveys the properties and heat-treatment of tool steels. 

The second part of the book is mainly devoted to the 
non-ferrous metals (aluminium, copper alloys, anti-friction 
alloys, and white metals), and includes chapters on heat- 
treatment furnaces, temperature control, a comprehensive 
section on burners, and a useful description of mechanical 
testing methods and workshop methods of testing materials, 
together with tables of data useful for reference in heat- 
treatment shops. 

Early in the book there is a chapter on cast iron and its 
characteristics. The longest chapter, apart from that on 
heat-treatment methods, is the one dealing with methods 
of testing, which is, in itself, a useful reference work to some 
less-familiar French and continental testing procedures. 

Although there is a useful detailed list of chapter contents, 
an alphabetic subject index would have been a valuable 
addition to what is a really practical book on heat-treat- 
ment practice.—R. SEWELL 


Water Treatment. Scales, Deposits, Pitting and Corrosion 
with their Analyses and the Analyses of the Waters that 
Caused Them.” [Fifth edition.] 8vo, pp. 192 + v. 
Illustrated. Newcastle-upon-Tyne [1953]: Houseman and 
Thompson, Ltd. (Price 15s.) 

This little book was written in 1944 to show the average 
engineer in simple language what ravages are caused to 
boilers, steam lines, evaporators, condensers, hot water 
heating and supply pipes, cooling systems for internal com- 
bustion engines and other such metal structures, and com- 
ponents in contact with natural waters or steam. The 
cure for such troubles as scale deposits and corrosion here 
recommended is the use of an unspecified proprietary liquid 
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containing the active ingredients of vegetable tannins. 
The book has run through four editions and is now repub- 
lished in response to continued demand. It is a great pity 
that the task of rewriting proved to be impossible, for much 
of the firm’s experience during the years since 1944 would 
have been of value to the reader, and a considerable number 
of modifications of detail would have been welcomed. 

The librarian will be puzzled as to whether to put this 
nicely bound little book among firm’s catalogues or among 
scientific monographs. It deals with the advocacy of one 
proprietary boiler composition. Despite its wide title of 
“Water Treatment,” it has nothing to say about the most 
widely used of all water treatments, namely, the treatment 
of potable waters. It still uses grains per gallon and parts 
per 100,000 ; although the latter measure is used for drink- 
ing waters, the former has different values in the United 
Kingdom and the U.S.A., and in both of those countries 
the bodies officially responsible for codes of practice for 
boiler-water treatment have used parts per million for the 
last decade. Inthe United Kingdom the British Standards 
Institution has issued specifications for the sampling and 
analysis of boiler waters, but these are not even mentioned 
in the index nor is reference made to the methods of water 
treatment now well known and proved by extensive service 
in the boilers of the world’s largest and most valuable naval 
and merchant vessels and in our largest electricity generat- 
ing stations. As it was written in 1944 that was excusable. 
Were it a modern and truly scientific treatise, clear reference 
should have been included to these modern codes of practice 
and to the scientific papers on water treatment which are to 
be found in the Journals of the Society of Chemical Industry 


and the Institution of Mechanical Engineers.—T. Henry 
TURNER 

Woop, Rawson L., and DAvIDLEE Von Lupwic. “ Invest- 
ment Castings for Engineers.” 8vo, pp. ix 477. Illus- 
trated. New York, 1952: Reinhold Publishing Corp. 


(Price 80s.) 

This book gives a great deal of information on the pro- 
perties and characteristics of metals cast by the lost-wax 
method, together with a description of the process and the 
troubles which may be encountered. It is clearly written 
from a great deal of practical experience and wide know- 
ledge of the engineering and metallurgical fields. 

The authors devote considerable space to the casting of 
non-ferrous alloys, presumably on the basis that in the 
U.S.A. a demand has been created for these produced by 
lost-wax methods which offer advantages over gravity and 
pressure die-casting. Even greater space is devoted to 
the casting of ferrous metals and high-temperature and 
corrosion-resistant materials of the nickel-base and cobalt- 
base types, and very good assumptions are drawn from 
experiences regarding the characteristics of these alloys. 
A praiseworthy chapter on the inspection of the castings 
is included. 

For all types of metals quick reference tables have been 
drawn up with recommendations as to their use ; these are 
perhaps the most valuable thing in this book, but the 
engineer should not pay too much attention to the remarks 
on castability, because that is the lost-wax founder’s 
problem. 

The authors make it clear that the word ‘ precision ’ is 
purely relative to the accuracy of castings made from dis- 
posable models, whether of wax, plastic, or frozen mercury, 
as compared with normal sand-cast castings, and is not 
‘precision’ in the true engineering sense. They give 
numerous examples where castings are economically worth 
while, though they do demand a small amount of machining 
where greater accuracy is required, and it is a pity that 
comparative costs of typical components made by machining 
or forging wrought materials and of nearly finished com- 
ponents cast by the lost-wax methods could not have been 
given. In the United Kingdom the applications of lost- 
wax casting is still largely devoted to the gas turbine indus- 
try where alloys in general are difficult to forge and machine, 
and the shapes of the blading are so complex that this 
process can well hold its own against machining. In the 
general engineering trade, however, lost-wax castings have 
not made much progress, primarily owing to the present 
high cost, and also largely to the lack of appreciation of 
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their possibilities by engineers—hence the value of this 
book. 

It is suggested that the compilation of the book might 
have been better had it been divided into two parts, the 
first consisting of a brief general description of the process, 
such as is covered in the opening chapter, followed by the 
information on the characteristic strength of various ferrous 
and non-ferrous materials which had been used, and the 


NEW PUBLICATIONS 


chapters on shrinkage, dimensional accuracy, machining, 
and design. 
detailed description of the various techniques used in this 
type of foundry, which is of only general interest to the 
designer and engineer, but is of particular interest to the 
lost-wax founder. 

This is a good book which should be found in every 
engineering design office.—P. H. LAWRENCE : 


NEW PUBLICATIONS 


AMERICAN SocreTy FoR Metats. “ Boron Steel.” Second 
revised edition, 1953. La. 4to, pp. 114. Illustrated. 
Cleveland, Ohio, 1953 : The Society. (Price $1) 

ANGLO-AMERICAN CoUNCIL ON PropvuctTivity. ‘‘ Servicing 
the Moulder. A Review of Productivity in the Grey Iron 
Founding Industry.” 4to, pp. 18. London, 1952 : The 
Council. 

Barr, A. E. pe. “ The Magnetic Circuit.’”” Powder cores, 
ferrites, permanent magnet materials and miscellaneous 
magnetic materials. Institute of Physics Monographs 
for Students. 8vo, pp. 62. Illustrated. London, 1953 : 
Institute of Physics. (Price 5s.) 

Barr, A. E. pr. ‘ Soft Magnetic Materials used in Industry.” 
Institute of Physics Monographs for Students. 8vo, 
pp. 62. Illustrated. London, 1953 : Institute of Physics. 
(Price 5s.) 


BritisH IRON AND STEEL RESEARCH ASSOCIATION. ‘* Annual 


Report 1952.” La. 8vo, pp. 131. Illustrated. London 
[1953] : The Association. 

British STANDARDS InstiTUTION. B.S. 1946: 1953. ‘“ Flat 
Dies for Thread Rolling.” 8vo, pp. 22. Illustrated. 
London, 1953: The Institution. (Price 4s.) 

British STANDARDS InstiruTion. B.S. 1947: 1953. 


‘Circular Dies for Thread Rolling.” 8vo, pp. 19. 
Illustrated. London, 1953: The Institution. (Price 4s.) 

BritisH StTanDARDS InstiTuTION. B.S. 1965 : 1953. “‘ Seam- 
less Steel Butt-Welding Pipe Fittings.” 8vo, pp. 14. 
Illustrated. London, 1953 : The Institution. (Price 3s.) 

CuaussIn, C., and G. Hitty. ‘* Métallurgie.’’ Preface de P. 
Chevenard. Tome 1: “ Alliages Métalliques.” 2¢ 

édition. La. 8vo, pp. xvi + 220. Illustrated. Paris, 
1953 : Dunod. (Price 960 fr.) 

Cuark, CLraupE L. ‘‘ High-Temperature Alloys.” (Pitman 
Metallurgy Series) 8vo, pp. xiii + 383. Illustrated. 
London, 1953 : Sir Isaac Pitman and Sons, Ltd. (Price 
60s.) 

X1IXe Conerts GhOLOGIQUE INTERNATIONAL. ‘“ Symposium 
sur les Gisements de Fer du Monde.” Edité par F. 
Blondel et L. Marvier. In two Volumes and an Atlas. 
La. 8vo. Tome I, pp. xxxii + 639; Tome II, pp. v + 
595; Atlas [pp. v + 207]. Algiers, 1952: Bureau 
d’Etudes Géologiques et Miniéres Coloniales. (Price 
3,200 fr. (3 volumes) ) 

DARKEN, LAWRENCE §., RoBeERT W. Gurry, and MICHAEL 
B. Brever. “ Physical Chemistry of Metals.” (Metal- 
lurgy and Metallurgical Engineering Series ; Robert F. 
Mehl, Consulting Editor.) 8vo, pp. ix + 535. Illus- 
trated. New York, Toronto, London, 1953 : McGraw- 
Hill Book Co., Inc. (Price 61s.) 


Har, J. A. ‘‘ Fundamentals of Thermometry.” Institute of 


Physics Monographs for Students. 8vo, pp. 48.  Illus- 
trated. London, 1953: Institute of Physics. (Price 
5s.) 


Haw, J. A. “ Practical Thermometry.” Institute of Phy- 
sics Monographs for Students. 8vo, pp. 51. Illustrated. 
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